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EXECUTIVE SUMMARY 

Thts report fm hdmdual Hazardous Substance Sites (IHSSs, or Sites) 200 (Great Western 
Reservou), 201 (Standley Lake), and 202 (Mower Reservo=) was prepared m response to 

rcqmmcnts 111 the Interagency Agrement (IAG) between the U.S Department of Energy 

(DOE), the U.S. Enwonmental Promon Agency @PA), and the Colorado Department of 
Health (CDH). The scduncnts in these restrvom contam low levels of plutomum as a result of 
past achWheS at the Rocky Flats Plant (RFP). The IAG identiflea the following pnmary 
ObJeChVeS for this 

1 Submt all known and accumulated data descnbmg, detdmg or defitllng 
COntammahon u n h  the resemoufs) and tnbutanes of the reservoufs) mcludmg 
surface and ground water sources, and 

2. Submt a health nsk assessment Qcumcnhng the nsks denved from all potenhd 
exposures assoaated wth a no a a 0 n  alternahve fur ~xncdIah0~ of the 
contammaon. 

After evaluating over 30 documents contamng data relevant to Sites 200-202, it became ewdent 
it would be mprachcd to append the e n m  body of emting data to thu document. The IAG 
data subrmssion rcqmmcnt is addressed by summanpng perhnent data throughout the report, 
by mcludmg a bibhogmphy h h n g  general refmncts and avdable documentahon of data for 

Sites 200-202, and by appcndmg specific data s o w s  for the h e c  Sites to the report 

The exlsting data for Sites 200-202 were collected for the purpose of site charactenzahon rather 
than to support a n g m u s  qUanhtahVe health nsk assessment. After evaluahng the exlsting data 

agamst EPA gudance for data useabhty m nsk assessments it became apparent that the data do 
not meet current q d t y  control stanch& necessary to support a quanutatwe nsk assessment. 
As a result, thu report mcludcs a quahtahve human health nsk assessment fur Sites 200-202 

In a h o n ,  a "genenc" nsk assessment calculaQon is mcluded whch shows the steps and many 
assumphons underlymg a quanhtative nsk assessment, and whch generates nsk values based on 
hypothetml plutomum concentrahons m reservou sedments and water under vanous exposure 
scenanos ' b s  cdculahon is useful m helpmg to deterne whether known COntarmnahOn at the 
three reservom poses an lmmlnent health nsk to the pubhc The followmg discussions prowde 
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a k e f  summary of the lnformatlon prowdcd m tlus report m support of the objectives hsted 
above. 

Sites 200 (Great Westun Reservorr), 201 (Standley Lake), and 202 (Mower Reservm) compnse 
threc of the four Sites wthm Operable Umt No 3 (OU 3) OU 3 Mers from other RFP OUs 
m that it is located outside the RFP boundary The three ~tservom are located outside the 
eastern boundary of the RFP. Great Western Rescrvor serves as the mumapal water supply for 
the City of Broomfield, whde Standley Lake supphes water to the ciaes of Thornton, Northglenn 
and Westrmnster Mower Rcservor is a much smaller, pnvateJy-owned mpoundment used for 

agricultural purposes (i.e , cattle watenng and mgation) 

Past enwonmcntal mvestigaaons of Sites 200-202 have shown that plutomum concentrations m 
the bottom sdments  of all three rcscrvom exceed estunatcd background (nuclear tesmg fallout) 
concentraaons. The elevated plutomum concentrations are attnbuted to htstoncal avbarne 
(fuptive dust) and waterborne releases from the RFP These releases resulted pnmanly from 
RFP operations m the 1950s, 19609, and 1970s Pollution control measms mplemented at the 

RFP smce thls tlme have effectively elmmated the sources of the plutomum. 

The mformation presented m thls repart pomts to the followmg conclusions about Sites 200-202 

Plutomum and amenaum (a decay product of plutomum) are the only known 
contarmnants m the reservom ambutable to RFP releases Thls conclusion is based 
on extensive water q d t y  momtmng data for Great Westem Reservon and Standley 
Lake and analysis of bottom s-nt samples for numerous potentad RFPdenved 
contarmnants, mcludmg vanous d o n u c b s  and berylhum. 

A plutomum-bcanng honzon of bottom scdrmtnts rn Great Western Reservon and 
Standley Lake has been covered by subsequent sedmentation The hghest sedment 
plutomum concentrations w m  found to exlst m the deepest areas of each r e s e m ~ ~ ,  
The conccnmons of plutomum m the sedments m areas of hghest exposure 
potend (1.e. near-shore areas) of Great Western Reservon and Standley Lake are 
above background levels, as measured by several past stuhes m sedments of 
Colorado Front Range resewom beheved to be unaffwted by RFP releases 

M m u m  plutomum concenmons measured to date m Great Western Reservor 
sedments are several tunes hgher than those measured to date m Standley Lake 
sedunents 
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Only four sedrment samples have been collected (all m 1970) to assess plutomum 
concentraaons m Mower Reservou sedunents The hghest plutomum concentrations 
measured wue roughly twlce the eshmated background conctntraaon due to 
atmospheric testing fallout, and we= several tunes lower than the hlghest 
concentraaons mtasurcd to date rn Standley Lake 

Plummum is strongly adsorbed to the clay-nch sedments typical rn lmpoundmcnts 
near the RFP. Stwhs have shown that plutomum m the reservou scdunent columns 
is effecavely mmobdwcd. 

Routine warn quahty mmtonng m&cates that water q d t y  m Standley Lake and 
Great Western Resewou has not been measurably npacted by plutomum rn the 
resewo~ sechcnts. A smgle water sample collected m 1970 from Mower Reservou 
showed background plutomum concentraaons (background is due to atmosphenc 
teStlng fallout). 

Residenual tap water denved from Standley Lake and Gnat Western Reservm is 
roumly  analyzed for plutomum. Results conslstently m&cate that plutomum 
ConcentraQons an well below CDH drrnkrng water standards 

Of the many potenaal exposure pathways identified for the rescrvom, the avbarne 
pathway from reentmnment of exposed sedunents IS considered the most signrficant 
pathway that can convey plutomum to human receptors from Sites 200-202 
&borne plutomum concentranons measured by a~ momtors downwmd of Sites 
200-202 have remamed well below the 0 02 picocunes per cubic meter @am3) ,  or 
OOOO7 becquerel per cubic meter (Bq/m3) standard set by DOE. All potenaal 
exposure pathways, however, wdl be addressed under scheduled RCRA Faclllty 
Invesngaaon/Rc&al Invesaganon acnvmes at Sites 200-202 

Ad&aonal data necessary to support a quanntanve nsk assessment for Sites 200-202 wdl be 
collected dunng scheduled RFURI amwnes. Thls report wdl serve as the basis for the RFWU 
scopmg process Ruk assessment and site charactenzaaon needs wdl be rntegrated m the RFVRI 
to ensure that al l  p o t e n d  site contarmnants and exposurt pathways arc identdied and 

charactenzed to the extent necessary to perform a quantitaave human health nsk assessment. 
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LIST OF DEFINITIONS 

~ 0 Completed Exposme Pathway'. The route a chemcal or mhonuchde takes from a source to an 
exposed orgarusm. A completed exposun pathway descnbes a uque mechmsm by whch an 
m&wdual or population is exposed to a chemcal or Wonuchdc OnpaMg from the site Each 
completed exposm pathway rncludes a source, a transport medta, a mode of uptake, and a 

I rtccptot. 

~ 

Data Qwhty objectives': Quahtat~ve and quantltatlve statements to ensun that data of known 
and documented quality are o b m d  

Data Valrdatlon: The quahty assurance process of rcnewmg sample collectlon methods, sample 
h a n h g  and pnservatlon, sample documcntatlon and analyhcal procedures and results to 
evaluate the accuracy and n h b h t y  of data. Data are then classdied as bemg quantltaave, 
quahtaave, or unusable. 

D e m o n  b e :  The lowest value that can be rehably detected above the background noise of 
a even analyhcal instrument or method. 

Health ksk Assessment: The assessment of chemcal or rad~olog~cal releases from a site and 
the analysis of publlc health threats rcsulung from those releases 

QwhtahVe RI& Assessment. An estimate of the hkehhcxxi of an adverse health effect by 
analynng both exposun and dose response data m a non-numencal manner 

Quanntatlve Ruik Assessment. Based on completed exposure pathways, probabhtles that an 
m&mdual will develop cancer over a hfetime of exposure are e s m t e d  from pmje~ted mtakes 
and chemcabhkonuchde-specific dose nsponse mformanon 

a 
hk A utless probabhty of an mdmdual bemg affected by an event. 

h k  Coeffiaent. For the purposes of thls document, a mtless probabhty of an mdmdual 
developmg cancer from a c h m c  dady lntake of plummum averaged over 70 years 

Defimtlons from the EPA Ruk Assessment Gudance for Superfund @PA, 1989) 
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1.0 INTRODUCTION 

Th~s document summanzcs avadable hstancal lnfarmatlon and presents a p r e a a r y  human 

health nsk assessment for hdavldual Hazardous Substance Sites (IHSSs, ur Sites) 200 (Great 
Western Rescrvo~), 201 (Standley Lake), and 202 (Mower Rescrvou) of RFP OU 3 (Off-Site 

Releases). OU 3 is wque among Rocky Flats operable u ~ t s  m that it is located outside the RFP 
boundaries These ms(#vo~ls have been the subject of numerous enwonmental stu&es and 

momtonng programs amed at determmmg the extent to whch each has been mpacted by 

releases from the RFP The RFP is owned by the DOE and contractar-operated by EG&G Rocky 

Flats, Inc. as a nuclear weapons research, development and producuon complex The RFP is 
situated on 6,550 8 m s  (2,650 hectares) of fedcral property 16 d e s  (m) (26 lalometcrs[km]) 
northwest of downtown Denver, colarado (Figure 1-1) 

In addmon to the thme resewom, OU 3 also mcludes site 199 (Conmanon of the Land's 

Surface). site 199 IS the subject of a Past Remedy Report whch was subrmttcd to EPA and CDH 
on Apnl2, 1991 (DOE, 1991a) a 
1 1  PURPOS EANDO BJECI-IVES 

The purpose and objemves of this report arc denved pnmanly from the LAG between the CDH, 
the EPA, and the DOE @PA, 1991) The followmg repmtmg reqmments are set forth m 
Table 5 of the IAG Statement of Work for each of the three resewom 

1 Subrmt all known and accumulated data descnbmg, detahg or detkung cont8rmnatloI1 
v v l h  the resc~ol l  and tnbutanes of the resewow mcludvlg surface and groundwater 
sources 

2 Subrmt a health nsk assessment docUmenMg the nsks denved from all potenual 
exposures assoc18tcd wth a no acuon altematlve for remedIahon of the contarmnatlon 

After evaluahng over 30 documents contamng data relevant to Sites 200-202, it became evldent 

that it would be mpractlcal to append the e n m  body of exlstmg data to this document. The 

IAG data submssion xeqmment is therefore addressed by summanzrng pement data 

throughout the report, by mcludmg a bibhography hsmg avdable documentauon of data for a 
RFPapr200 r 1 &a591 
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Sites 200-202 (Sechon 6.0), and by pmdmg selected data SOUTCC documents for the three 

reservoirs m Appendu D. 

Secuon VILD of the LAG Statement of Work detads the components of the health nsk 

assessments qumd far the mservom These components are the basis of a ngorous, 
quanhtahve assessment of the human health nsks assocllited wth contammuon at the site, and 
it is the mtent of the IAG that they be apphd to Sites 200-202 to assess pubhc health nsk under 

a no action remedlahOn altcmahve Cnucal to the performance of such a health nsk assessment 
are the quahty and sptclficlty of the data used to support the assessment The EPA's "Gudance 

for Data Useabhty m ksk Assessment" document @PA, 199Oa) estabhshes gudelmes for the 

mmmum level of data qualrty control req& to perform a defensible, quanutame nsk 

assessment. Vutually a l l  of the avadable data for Sites 200-202 have been collected for the 
purpose of site charactcnzahon rather than nsk assessment. W e  these data are well sluted for 

site charactenzahon, a detaded evaluahon agamst EPA useabhty mtena (Appendtx A) m&cates 
that exlstmg data from Sites 200-202 do not meet current qualrty control standards to support a 

quanutatwe nsk assessment. This report therefore prowdes a auahtauve nsk assessment m whch 

human health nsk is defined 111 relaove terms rather than calculated nsk values Also lncluded 

is a "genenc" nsk assessment calculaoon (Appenh C) whch shows the steps and the many 

assumphons underlymg a quanutatwe nsk assessment, and whch generates nsk values based 
upon hypothehcal plutomum concentrahons ln sedlmcnt and water under vanous exposure 
scenanos Thls calculahon is useful UI helplng to detertrue whether known contarmnauon at 
Sites 200-202 poses an lmmlnent health nsk to the pubhc Addmonal data needed to support a 

CpanhtahVe nsk assessment for Sites 200-202 are identfied m Secuon 4 10, these data wdl be 
collected under scheduled RFVRI BchvlQeS at OU 3. 

The followmg spcdc  objechves for thls report am based upon the IAG re-g rtquuements 

for the reservous and the pncedtng dwussion on data useabhty 

Desmb remow site physical and chemcal charactensucs 

Rovlde a synopsis of enwonmental studes conducted to date at the reservom 

Formulate a conceptual model for contarmnant fate and transport from the reservom ' 0  
RFPapr200 r 3 04Q591 



Cite evldence to support or mvahdate the conceptual model for each reservo= 

Promde a p r e h a r y  health nsk assessment for the reservom, focumg on a no-acaon 
dternahve 

Iden* ackhhond data needed to support a quanhtahve nsk assessment for each 
reservor. 

12 REGULATORY BACKGROUND 
The IAG groups IHSSs (Sites) at the RFP mto 16 Operable Umts (OUs), one of which is OU 3. 

The OU numbemg system reflects the relatlve order of pnmty for the OUs OU 3 formerly was 

designated OU 10 The present RFP OU system has emerged from pubhc comment and 
redevelopment of the IAG, w k h  mmased the number of OUs from 10 to 16 and changed  the^ 

relaave order of pnmty 

The pnmary source for the scope of work for mvesagaaon and r e m d a h m  of RFP OUs is the 

IAG, whch specifies an approach tadored to the parhcular reqmments of the RFP. As stated 

m paragraph 256 of the JAG, all response acavmes by the DOE under the IAG are to be 
performed " m accordance wth the reqwments of all apphcable federal and state laws and 

regdahons " These mclude the apphcable requvements of the Complrthensive Enmnmcntal 
Response, Compensaaon, and Liabhty Act (CERCLA), the Nahonal Contmgency Plan (NCP), 
the Resource Conservaoon and Recovery Act (RCRA), the Colorado Hazardous Waste Act 

(CHWA), and perhnent EPA pdance documents hVeShgahOII of the RFP OUs IS scoped rn 
the IAG per EPA RCRA and CERCLA guidance, whch spec@ co~echon of data under an 
RFWRI to support a site charactenzaaon, a health nsk assessment, and an environmental 

evaluaaon For Sites 200-202, however, the IAG speclfies the use of emsting data to develop 

a health nsk assessment and does not reqm an enmnmental evduahon hparahon of thls 

report is an a h o n a l  IAG reqmment that falls outside the scope of RCRA and CERCLA 

gwdance 

@ 

Great Western Reservo= is used as part of the mmcipal water supply for the city of Broomfield, 

whde Standley Lake prowdes water for the ciaes of Westmmster, Thornton and Northglenn 

comphance wth Federal and state water quahy standards apphcable to drrnlnng water supply 
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sources is momtored at these reservom through routme samphng and analysis Local 
governments parhapate m pubhc remew of RFP plans and proposals as part of then mvolvement 
m decisions about RFP acuwues whch may mpact k a t  Western Resmow or Standley Lake 
Mower Reservoir is a much smaller, pnvately owned mpoundment used fur agncdtural purposes 
(1.e. cattle and ungaaon). Although not actlvely momtored, Mower Reservon water quahty is 

governed by CDH water quahty classficauon and standards for the South Platte fiver basm 
(CDH, 199Oa). 

e 

1.3 REPORT ORGANIZATION 

The remamder of b s  report is o r g d  mto the followmg sectlons 

Secuon 2 0  pmdes a &scussion of site characmshcs and hstory, and summanzes 
enmnmental s u e s  conducted to date at Sites 200,201, and 202 

Sectlon 3 0 pwdcs  a descnpuon of the site conceptual model used H the prellrmnary 
human health nsk assessment 

Secbon 40  prowdes a p h a r y  human health nsk assessment, m c l u b g  
idennficaoon of data needed to conduct a quantltauve human health nsk assessment 

Secuon 5 0 promdes conclusions and recommendauons 

Sectlon 6 0 promdes a bibhography and references 

Appendut A prowdes an evaluatlon of exlstmg reservon data useabhty for nsk 
assessment agmst EPA mtena 

Appendur B prowdcs general guxlclmes for development of a health nsk assessment 

Appndur C promdcs a "genenc" nsk assessment calculauon for Sites 200-202 

Appendm D promdes selected data source documents for Sites 200-202. 
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I 2.0 SITE BACKGROUND AND DESCRIPTION 

The RFP fabncates metal components for nuclear weapons from plutomum, uramum, berylhum, 

and stamless steel Support actimties mclude chemcal recovery and PmfiCatiOn of recyclable 
transuraruc radronuchdes, and research and development m metallurgy, m a c h g ,  nondestructive 

teSMg, coatmgs, remote engmemng, chermstry, and physics. These operation generate 
nonhazardous, hazardous, mhoactive, and rmxed doac twe  waste streams W E ,  1987) The 

385 acre (156 hectare) man production faclllty of the RFP, wthn the controlled ma, is 

surrounded by a 6,150 acre (2,491 hectare) buffer zone whch & h a t e s  the RFP boundary 
(Figure 1-11 

The three OU 3 reservous are located outside the eastern boundary of the RFP (Figure 2-1), two 
to four nu (3 2 to 6 4 km), from the mam productzon faclllty The locations are downgnuhent 

and generally downwmd of the RFP Each of the reservom has received some of its mfluent 

water from dramages flowmg from the RFP dunng the OperaMg hstory of the plant. A system 

of &version dmhes and retention ponds wthm the RFP now prevents surface water from the 
man production fachty from reachmg any of the reservous b a t  Western &servo= is isolated 

completely from RFP surface water by a d m h  whch &verts flow mund the ~~SZVOK. Plans 
are proceedmg for constructzon of a s d a r  &version around Standley Lake Extenslve 

enmnmental momtonng of ground water, surface water, ambient w, and sods on and near the 

RFP is conducted by a number of agencles and munrcipahties (Sectlon 2 1.3.3 and 2 2 2 2) 
W e  it is possible that the reservous could be affected by future avborne andor waterborne 

enussions from the RFP, it zs expected that any such emssions would be detected and 

charactenzed by enwonmental momtotmg, and that the potential lmpact of the resultmg 

contarmnatlon on the reservom could be readdy assessed. The contammanon of Sites 200-202 
desmbed m thu rcpart is a result of both routrne operational procedures and accdental releases 

dunng the first several decades of the RFP operanon (early 1950s to late 1970s). Enmnmental 
momtonng results summanzed m monthly and annual reports @ow, 1971-1989; CDH, 197Oaate) 

suggest that enwonmental control measures and changes m operatmg procedures have effectively 

prevented U n o n a l  radloacnve contarmnants from mpactmg the reservous. 

I 

I 
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Numerous mvesngators (see Secnons 2 1 3 and 2 2 2) have stu&ed the unpacts of RFP 
contarmnants on the sedlmcnts, water, and ecosystems of b a t  Western Rcservou, Standey 
Lake, and thex tnbutary dramages from the RFP (Walnut Creek and Woman crtck, rcspc~vely). 
Almost all  of thls work has focused on aonuchdes,  pnmanly plutomum and 8meflci11111, whlch 
is a decay product of plutomum. Although concentranons of nonradmmve contarmnants arc 

routmely measured m T ~ S ~ T V O K  and drrunage water, wtuaUy no data exlst for prospecave RFP- 
dtnved noNBdloacnve contarmnants whlch could affect the T~S~XVOK sedmcnts 

2 1 GREAT WESTERN RESERVOIR (Site 200) 

Site 200 encompasses Great Western Reservon, off-site reaches of Walnut Creek (whch formerly 

flowed mto the reservor from the RFP), and downstream surface water features possibly 

impacted by outflow from the ~ ~ S ~ X V O K  (Figure 2-1). Pmons  of Walnut Creek wthm the 

boundanes of the RFP wdl be mvesngated as RFP OU 6 and are not mcluded m Site 200 

2 1 1 Locanon and Descmhon 

Great Western Reservor is located approxmately 15 rm (2 4 km) east of the RFP’s eastern 

boundary m Secnons 6 and 7 of Townshlp 2 South, Range 69 West (T2S, R69W) (Figure 2-1). 

The reservor is owned by the City of Broomfield and is utd~zed solely for the aty’s mucipal  

water supply Public access to Great Western Reservm and the surroundmg area is fenced and 

posted to exclude pubhc access (Broomfield, 1990) 

Pre-construcnon mfonnahOn for the Great Western ReservoK site is not gven m avadable 

references The onpal reservor was bllllt m 1904 as a unganon water supply. The dam has 

been enlarged on several occasions, most recently m 1958 The maxmum height of the dam is 

69 feet (ft) (21 meters [m]) (Hydro-Tnad, 1981) The present reservor volume is 3,250 acre-feet 

(401 hectare-meters) The bottom and sides of the rcscrvor arc unhed, meamng that the 

reservor may be hydrauhcally connected to the ground water system m the area m r ,  1990) 
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2 1 2 Site Condmons 

Although httle site-specific dormanon is avdable c o n c m g  the geology and p u n d  water 

hydrology of Site 200, plant-wde hydrogeologc stu&es gwe an m&cahon of con&hons m the 

mcmty of the RFP The followmg sechons s m  relevant results of these studies and 
promde site-spec& mformanon where avadable 

2 1.2.1 Geoloev and Ground Water HVdr0lorr;lL 
The U S A m y  Corps of Enpeers u h h d  data from two exlshng boreholes near Great Western 

Reservon as part of a 1989 evduahon for a surface water mtercept.cn system for the reservou. 
In these boreholes, allumum surficial deposits are underlam by Arapahoe Formahon bedrock at 

depths of 5 and 16 ft (1 5 and 4 9 m) Bedrock consists of mterbedded sandstone, sdtstone and 
claystone and dlps shghtly to the east (Corps of Engmems, 1989). The pnclse bCahOnS of these 
boreholes are not gwen m thls document. The Arapahoe Formanon averages 250 ft (76 m) m 
thlckness m the RFP area, and is underlam by several hundred feet (apprommately 100 m) of 

shale compnsing the upper porhon of the Lararme Formahon (USGS, 1976). It is expected that 

a s d a r  strahgraphc sequence un&rhes Great Western Resewor 

Two hydrauhcallyconnected ground water systems occur at the RFP An unconfined system 
whch is present m saturated surficlal deposits (the upper hybstratlgraphc m t )  m many axeas 

of the RFP, and a confined system m sandstones and claystones of the underlymg Arapahoe 
Formation (the lower hydrostratigraphc u t )  (USGS, 1976) The shallow unconfined system is 

recharged by InfiltrahOn h m  mcident precipitahon and from surface and baseflow water (e g., 

dramages and reservous) Ground water flow is generally to the east and towards h a g e s  

Ground water locally chscharges as seeps or spmgs m h a g e s ,  e s p a l l y  where the surfiaal 

deposit/bedrocl contact is exposed. Large water table flUCtuahOnS may occur m the shallow 

system m response to seasonal vanations m recharge and &scharge, wth the hghest water levels 

generally occumng d m g  the months of May and June and the lowest water levels generally 

occumng m January and February As a result of these flUCtuahOIIS the lateral and vemcal extent 
of saturated surficid deposits vanes seasonally Several past studes have measured hydraulrc 

conduchmty rn the upper and lower hydrostrahgraphc mts usmg drawdown-recovery tests, 
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pump tests, packer teshng and slug testmg on selected wells (USGS, 1976, Hydro-Search, 1985, 
Rockwell, 1988a) 

Confined ground water m the lower hydrostrangrapluc u t  occurs pnmanly m lenhcular 
sandstone W e s  w i h  claystone Ground water flow m the upper hydrologc umt occurs m the 
unconsohdated Quaternary surficial deposits and the shallow sandstone wthm the bedrock. 

Recharge to tlvs u t  occurs from mfidtranon from sheams and pncipitahon. The lower 
hydrologc u t  is found m the deeper bedrock sandstones wluch exhlbit confined condmons. 
Recharge to thls mt occur pnmady from baseflow and leakage from the overlymg claystone. 

Ground water m the lower hydrologx mt flows east towards a regonal &charge m a  along the 

South Platte Rwer, some 20 m (32 km) east of the RFP Local seeps occur along the sldes of 
dramages where the bedrock crops out. Calculated hmontal hea r  flow velocines far the 
system average 0 1 Wday (0 03 dday) m the sandstones and approxmatcly 9 x l v  ft/day 

(2 7x104 dday) m the claystone A relahvely steep downward merit 1s also observed 111 amas 

of the formanon The effects on ground water movement by faulhng m the lower hydrologc umt 

are not known (USGS, 1976, Hydro-Search, 1985) 

Specfic hydrogeologc mformaoon for Great Western Reservon is h t e d  to d d h g  records 
from pnvately-owned water wells m the vrcmty of the reservon. D d h g  and h g  fccords held 

by the Colorado Divrsion of Water Resources suggest that surficial deposits near the rtservon 
range m thlckness from 15 to 50 ft (4 6 to 15 m) and average approxmately 25 ft (7 6 m) h c k  
These deposits typically are dembed as clay, sandy clay, or clay wth gravel and boulders, 

locally capped by five to SIX feet of topsod The underlymg bedrock is desmbed m most well 

records as altemahng layers of shale and sandstone, whch is assumed to be a very generahzed 

descnpnon of the Arapahoe Formaoon Most of the wells for whch records were exarrrmed were 

completed m sandstones at depths rangmg from 35 to 275 ft (10 7 to 84 m) Stanc water levels 

averaged 10 to 50 ft (3 to 15 m) hgher than the screened mterval, mdcatmg moderate pressure 
head m the sandstones 
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2.1 2 2 Surface Water 

Great Western re servo^ is fed pnmarrly by Clear Creek wa Lower Church Dmh Untd 

recently, the rcsc~o11: also received mfluent from the north and south branches of Walnut Creek, 

both of whch flow from the RFP The two branches merge mto a smgle dramage wthlll the 
RFP boundary (Figure 2-1). A chrormc amd release at the FWP 111 1989 prompted construmon 
of a Walnut Creek &version, hown as the Broomfield Dtvmion htch. Th~s chvmion is not 

shown 111 Figure 2 1, whch was dtllved from a 1980 map of the area. Surface water affected 

by the c h m c  aad was dwerted around Great Western Resewon and chd not mpact the 

rcsmou @ow et al., 197 1- 1989) Walnut Cntk flow from the RFP is now treated and dwertcd 
south around Great Western RCWOK mto the dramage below the reservou outlet, where it 

combmes wth outflow from the ESWOK. The Broomfield Ihversion Ihtch effecavely prevents 

surface water from the RFP h m  reachmg Great Western ResewOK Walnut Creek COnMUCS 
below Great Western Resmrov and eventually &scharges mto Big Dry Creek several d e s  
downstream from the ~~SCIVOK (USGS, 1980) 

0 

W i t h  the RFP boundary, the North and South Walnut Creek drrunages contam the A and B- 

senes holdmg ponds, nspectwely In North Walnut (leek, there are four ponds designated A-1, 
A-2, A-3 and A-4, from west to east (Figure 2-1) Ponds A-1 and A-2 are used only for spa 
control, and North Walnut Creek stream flow is &verted around them through an undergmund 

pipe Pond A-3 nzeives North Walnut Creek stream flow and runoff from the northern portion 
of the RFP Pond A-4 IS uthzed for surface water control and for overflow from Pond A-3 

(Rockwell, 1988a) 

Five retentlon ponds located along South Walnut Creek are designated B-1, B-2, B-3, B-4 and 

B-5, from west to east (Figure 2-1). Ponds B-1 and B-2 are reserved for spdl control. Pond B-3 
receives treated effluent fIom the RFP smtary sewage treatment plant. Ponds B-4 and B-5 

receive surface runoff from the central part of the plant and mutmely receive bcharge from 
Pond B-3 Pond B-5 also collects overflow from Pond B-4 (Rockwell, 1988a) 
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2.1 3 Enmnmental Invesheahons 
From the opesung of the RFP m 1952 through approxunately 1979, water contauung 

decontarmnated process and laundry effluent was &schargd through the B-senes ponds to South 

Walnut Crtek (Rockwell, 1988% Dow, 1973) m h g  tower blowdown and treatment system 
steam condensate w m  &schargcd to the A-senes ponds, wtuch feed mto N d  Walnut CIW~. 

These &scharges contamed low levels of mhonuchdes whch accumulated m the sedunents of 
the holdmg ponds, Walnut Creek, and Great Western Reservou O E ,  1980). The EPA 
concluded m 1975 that hlstanc releases of contarmnants from the RFP to Great Western 

Reservou resulted prrmanly from the followmg achvmes (Appenh D, Document D-3). 

Early operational practices at the plant (1950s and 1960s) 

Reconstruction of the holdmg ponds between 1970-1973, whch resuspended pond 
sedments and released some of tlvs matenal to Great Western Rescrvou 

A 1973 tntium release from the RFP (Sechon 2 1 3 2) 

Anborne transfer of mbonuclldes @runarrly plutomum) 

The followmg sechons pnsent chronologd summanes of enwonmental stu&es conducted to 

date of Site 200. Analpcal results from these stu&es are s- m Table 2 1. The stu&es 
arc mcorporated by reference to the documents m A p p e n h  D and to the bibllography m Sechon 
6 0. 

2 1 3 1 Reservou and Drarnaee Sedments 

The P A  conducted the first extensive samplmg of bottom sedunents m Great Western Reservorr 

m February and September 1970. The results mdlcated that a layer of sedment contauung 

plutomum above the EPA estmated baselme (worldwde atmosphmc fallout) level of 50 1 
picocune per gram W g ) ,  or 0.0037 becquerel per gram (Bq/g) was present m the bottom of 

the reservou, The hckness of the plutomum-bemg sedunents was 2 m (5 cm) or more at all 

samplmg locations. The hghest concentrauons of plutomum were detected m sedments m the 

Walnut Creek mlet area and the central sechon of the reservou (leadmg to the dam mlet) The 

lowest concentrations were found m the south arm, the shorehe area between the south arm and 

the dam, and the western porhon of the north arm (Appenh D, Documents D-1 and D-2) 
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TABLE 2.1 

GREAT WESTERN RESERVOIR PLUTONIUM ANALYTICAL DATA 

Data Source Number of 
Dam Bmts 

3 
- 
1 

20 

12 

water 402 402 1 

"Plummum Levels m the Sedunent of AIM SUrfSeQ. 4 0 6 - 4 1  14 20 
Impoundments Enmns of the Rocky mats 
PlutoruUm Plant - Colaado," by EPA (Appendu Sed CUR <O 02-4 5 0 97 15 
D, Document D-3) 

SUrfSed. 068-79 I 5  

13 

7 

7 

48 

Surface sedunent grab sample--typlcaly represents uppex 5 cm of sedunents 

Results arc for samples wbted m 1973 by EPA and spllt wth DOE Surface sedunent grab8 analyzed by 
Rocky Flats hbmtory, sebment uxes analyzed by Battelle P a d c  Northwest and Lnwrence 
Livermarc Nahonal Labmamy 

Collected numemu water and sedrment samples 111 whch plummum collctntraQotls were not measured 

Great Western Reservou spdlway sedunents, sampled pnor to Temoval and dlspapal 

' 

' 
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EPA resumed theu mveshganon of plutomum m surface water sedments east of the RFP m 
September 1973 'lhs phase of the study further documented plutomum concentranons m Great 

Western Reservm. Sedunent samples collected both by dredgmg and conng mhcated that 

plutomum above expcctcd baselme conccnmons was present over almost the e n m  bottom of 
@cat Western Reservav as a result of releases from the RFP The maxl~~llltn plutomum 
concentration detected was 4 5 pclrg (Table 2.1) The results confinned the areal dutnbunon 
of plutomum &heated by the 1970 study, except that the hghest conccntranons were found III 
the deepest areas of the reservou rather than 111 the Walnut Creek mlet area. It was also observed 
that plutomum-239 concentranons m the uppermost sedunent layer 111mased substanaally m the 
three years between the sacs. This maease was traced to an lnnux of sedunent resuspended 

from the RFP holdmg ponds d m g  pond reconstrucnon actlwtles ' h s  study also measured 

concentranons m Great Western re servo^ secfiments of selected racbonuchks other than 

plutomum and of beryllium. No sigdcant  vananons m the conccntranons of these potential 

RFP contarmnants wen observed throughout the resemou or between Great Western Reservm 
and Standley Lake (Site 201), suggestmg that the measured concentratlons represented 

background levels (Appendm D, Document D-3) 

The 1970 and 1973 EPA stucbes also sought to confirm the estimated plutonium baseline 
(background) level by samplmg sedunents from Front Range reservom beheved to be unaffected 
by the RFP Dunng the 1970 study, sexbent samples were collected from callans Lake and 

Autrey Reservou (Appendm D, Documents D-1 and D-2) D m g  the 1973 study, samples were 

collected from cherry Creek R e s m m ,  Marston Lake, and Ralston Reservm (Appenh D, 

Document D-3). With one excepnon, analysis of samples from these reservom ylelded 

plummum-239 levels below 9 1 pWg (0 0037 Bq/g), substantlamg EPA's esamated baselme 

concentranon 

An accidental release of trinum from the RF.P mto Walnut Creek and Great Western Reservou 

occurred m 1973 @PA, 1974) Subsequent stucbes measured tntlum concentranons 111 reservou 

water as a result of the release, however, mtlum contammatlon m reservou sedunents has not 

been stucbed (Rockwell, 1988b) 

' 0  
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In 1974, Battelle Paclfic Northwest L a h m e s  conducted an mvesagaaon of radtonuchde 
concentrahons 111 rescrvou and stream sdments near the RFP Concentraaons of plutomum-239, 
plutomum-240 and amnclum-241 m the sedunents of Great Western Reservolr and Walnut 
Creek wen found to exceed "basehe levels" (presumably the EPA basehe of 9.1 pWg 

[O 0037 Bug]) The study esbmated the total mventones of plutomum and amenaum m Great 
Western Reservm sdments at 244 mdhcune (mCi) and 73 m O ( 9  02 and 2.7 ggabccqucrcl 
[GBQI), resptcavely. Concentrations of cesium-137 were at or below expected basehe 
COnCentrahOnS. Age-dated stdunent cores collected dunng h s  study from Great Western 
Reservorr demonstrated two separate pen& of plutomum deposiaon, 1968- 1969 and 1959- 1964, 

both of whch comade wth recorded, controlled waterborne releases from the RFP Worldwde 

fallout from atmosphmc nuclear weapons testmg may also have contnbuted to the plutomum 111 

the 1968-1969 sedment layer (Appendm D, Document D-5) The 1968-1969 peak detected 111 

the Battelle study also corresponds to a penod of wmdborne releases fkom the 903 Pad, a former 

drum storage area near the eastern end of the RFP controlled area (Figure 2-1) (DOE, 1991a) 

Also m 1974, Colorado State Umversity (CSU) conducted a study of plutomum m aquatic 
systems of the RFP enwons Thls study concluded that the clay h a o n  of RFP sedments has 

an extremely hgh a€fbty for plutomum and, left undlsturbed, prow&s an excellent retenaon 

mechamsm for plutomum m the aquaac system Laboratory studles related to thu mvesagaaon 

showed that the adsorpmn of plutomum onto the sedments was rapid and essentlally mversible 
(CSU, 1974) 

Results of studles conducted through 1974 were summanzed m a 1975 report by Dow Chermcal 

Accorrlmg to thls report, the studles demonstrated that plutomum m surface water mpoundments 

is not readdy transported from the mpoundments Consequently, the mjonty of the plutomum 
released through FWP surface waters was c o n w e d  m the on-site holdmg ponds Plutomum 

concentraaons 111 Walnut Creek sedments mcreased downstream, suggeshng downstream 

rmgraaon of plutomum released at an earher tune @ow, 1975) 

In 1979 and 1980, Rockwell Internaaonal measured plutomum and amencium concentraaons m 
sedments on the Oreat Western Reservorr ovefflow splllway pnor to removal and chsposal of the 
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sedments by the clty of Broomfield. Levels of plutomum-239, plummum-240 and amenaum- 
241 m spdlway sediment samples were near regonal atmosphenc fallout background 
concentranons. Plutomum concentranons were well below the SO 9 pWg (0 03 Bq/g) CDH 

speclal constructton rcqmmcnts standard for plutomum m sod. Plutomum and americium 

concentranons m the spdlway sedmcnts vaned httle wth depth, suppurting the conclusion that 
the sedments accumulated through a combmanon of hdlslope erosion, wave acnon and seduaent 

mwng, rather than the ConMuous lacustme depositton typical of the reservou bottom stdunents 
(Appenduc D, Documents D-7 and D-8) 

In 1983, Rockwell Intunattonal collected 48 sedment surface grab samples and four sedunent 

cores dunng an extensive Great Western Reservou geochemcal samplmg project. Duphcates 

cores we= collected at three locanons for jomt analysis by the City of Broomfield. The results 
of thls study were not pubhshed m report form, but were sllmmatlzed m pubhc meeMgs. 
M m u m  recorded plutomum concentranons m these cores were 5 4 pCdg (Rockwell) and 4 9 

pCJg (Broomfield), occurring at depths of 17 m (43 cm) and 7 5 m (19 cm), respecttvely The 

study mdlcated that plutomum occurred m a dlsmte sedunent honzon camspondmg wth 

hstoncal releases from the RFP, and that thls honzon had been bmed to varying depths by 
subsequent sedmentaaon Sedimentation rates based on core samples were determned to vary 

from >14 m&r (>3 5 cm/yr) m the eastern, deeper m a s  of the reservou to 4 1 dyr (~0.25 
cm/yr) m the shallower areas (Appenduc D, Document D-9) It was also concluded that no 

ewdencc exlsted of plutomum mtgranon through the sedunent column (Rockwell, 1988b). 

Numerous studles have focused on surface sod plutomum contammatton east of the RFP W E ,  
1991a) Elevated plutomum concentranons have been measured m surface sods north, west, and 
south of Great Western RCSUVOK as a result of wmdbome releases from the 903 Pad, a fonmr 

drum storage a m  wlthlll the RFP (Figure 2-1) The dlstnbunon of surface sod plutomum 

contammanon mud the reservou suggests that wmdborne parhculates have contnbuted to the 

plutomum m Great Western Reservou sedunents 
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2 1 3.2 Reservow and Dramage Water Ouahty 

Surface water quahty m North and South Walnut creeks and m Great Western Reservou has 

been momtored smce shortly after the RFP opened m 1951 (Rockwell, 1988a) Tap water is also 

momtored fm prospective RFPdenved contarmnants m a number of mumapahes mund the 
RFP, including the clty of Bmmfield, whch is supphed by Great Western Reservow In 
addmon, a number of hlstoncal stu&es have focused on potenaal mpacts to Site 200 water 

quahty as a result of RFP releases. 

A 1973 EPA study concluded that dmolved plutomum concentraaons m water samples from 
Grcat Western Rescrvov and Walnut Chek were less than atmospheric falloutdenved baselme 

concentraaons of 4.03 picocunes per hter @CIA) (4001 BqA) I)lssolved uramum 
concentrahons were less than the expected natural background of 2 5  rmcrograms per hter 

(Appendm D, Document D-3) 

An accidental release of maum m 1973 from the RFP mto Walnut Creek and Great Western 

Reservow was the focus of another EPA study EPA estumted that the release resulted m a total 
comrmtttd dose of 4 m d h m  (0.04 rmlltsievert) to the average m & d u a l  usmg the reservow as 

a source of dmlang water. EPA found that this dose had mmrmd mpact on pubhc health and 
&d not recommend any magaave actions @PA, 1974) Tnaum concentraaons m Great Western 
Reservou waters returned to approxmmtely background levels by 1977 (Rockwell, 1988a) 

In 1974, Battelle conducted an mvesagaaon of d o n u c h d e  concentmoons m reservom, stmams 

and domesac tap waters near the RFP Plutomum-239, plutomum-240, and ammaum-241 

concentraaons 111 b a t  Western Resexvou and Walnut Creek water were shghtly above the 

expected atrnosphcnc fallout background, whch was not specifically quanmed m th~s study. 

Concentraaons of these three rachonuchdes m Broomfield tap water were shghtly above the 

detecaon h u t  Of 4 5x10' pQ/l(l7x1Os B@) but were orders of magmtude lower than the EPA 

Naaonal plvnary Dnnlang Water Regulation of 15 pWl (0 55 B@) for total long-hved alpha 

acawty (exclusive of radon and urmum) (Appendm D, Document D-5) 
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A 1981 Rockwell Internaaonal study statisttcally compared avrulable gross alpha and plutomum 

momtomg data for Great Western Rcscrvm water and Broomfield tap water unth plutomum and 
gross alpha data for other ng~onal water W e s  and supphes All of the compansons (wth the 
excepuon of those for Ralston RCS~~VOK water, m whch very low plutomum concentraaons 
o c c d )  mdlcated that conctntraaons of plutomum and gross alpha 111 the ngonal waters dld 
not statis~cally Mer from those m Great Western Reservor water and Broomfield tap water 

(Rockwell, 1981). 

Routme Morutonnq 

Routme momtorrng of surfact water wthm and around the RFP, of all effluent stnams leamg 

the RFP, and of tap water m m u c i p a b e s  around the RFP has been conducted smce shortly 
after the RFP opened m 1951 Specific samphg and analya~al protocols have vaned throughout 

the hstory of the surface water momtunng program. Informaon regardmg sample locaaons, 

analpcal protocols, anatytlcal results, and comphance unth apphcable state and federal wam 
quahty standards has been smmanzed smce 1971 rn the RFP monthly and annual enwonmental 
momtomg reports @ow et al, 1971-1989) The surface water momtomg program is also 

summanzed m the RFP enmnmental unpact statement (DOE, 1980) 

Water quahty m Great Western Reservor and off-site reaches of Walnut Creek is routmely 

momtored by the City of Broomfield and CDH Broomfield samples Walnut Creek at a locaaon 

ummhately east of the RFP on a monthly basis and tests for eight volatde orgaruc compounds 

(VOCs) An automaac sampler at the same locaaon collects a composite water sample each 
week for gross alpha and gross beta analysis Weekly samples also axe collected by Broomfield 

from Walnut Creek below Great Western Reservou and analyzed for gross alpha and gross beta 

Water entemg the Broomfield water treatment plant from the reservor is m o m m d  monthly for 

eight VOCs. Treated Broomfield tap water is also momtored weekly for gross alpha and gross 

beta, and monthly for eight VOCs ( O H ,  1989) CDH conducts quarterly samplmg of Great 

Western Reservor for selected herbicides, pemcides, metals, base neutral mds (BNAs), and 

racfionuchdes Broomfield water treatment plant f l u e n t  from Great Western Resewor is 

analyzed weekly by CDH for selected donuchdes  (CDH, 1 W a )  
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The RFP, Broomfield, and CDH surface and tap water momtonng programs have produced a 
large volume of data to assess the potenhal rmpacts from RFP releases on Site 200 surface water 

q d t y  The m o m m g  is conducted m part to ensure that the RFP 1s m c o m p h c e  with 
apphcable state and federal water quahty standards Apphcable stan- have vaned smce the 
openmg of the RFP m 1951 Cumntly apphcable standards fur the RFP mclude 

The NaQonal Polluhon hscharge m a n o n  System (NPDES) standards for the RFP, 
first issued 111 1974, whch h u t  n o d o a c t i v e  dncharges from the plant 

State dmkmg water standards for radmchve contarmnants m commuty water 
systems, promulgated m 1977 

Colorado Water Quality Control Comrmssion (CWQCC) tern- water quallty 
standards for both racfioachve and nomuhoactive contarmnants, whch were adopted m 
July 1989 for a l l  tnbutanes to Great Western Rescrvou from the RFP. 

Descnphons of these standards, and mformabon about RFP c o m p h c e  wth the stan-, are 

c o n w e d  m the RFP monthly and annual enmnmental momtomg reports @ow et al., 1971- 

1989) 

2.2 STANDLEY LAKE (Site 2011 

Site 201 encompasses Standley Lake, off-site reaches of Woman Creek (whch flows mto the 

reservou from the RFP), and downstream surface water features possibly rmpacted by outflow 

from the reservow (Figure 2-1) Porhons of Woman Creek wthm the boundanes of the RFP wdl 

be invesbgated as RFP OU 5 and are not mcluded 111 Site 201. 

2 2.1 h a h o n  and Descnphon 

Standley Lake is a large ~ ~ S C N O K  located approxmately 2 rm (3 2 km) southeast of the RFP's 

eastern boundary (Figure 2-1) m Secbons 16, 17,20, 21,22, and 28, "2s R69W Uses of the 

reservou mclude mucipal  water supply and recreation The reservon has been owned by The 

Farmers Reservm and Imgabon Company of Bnghton, Colorado smce its construcbon between 

1909-1919 Although the dam has undergone p e n d c  mamtenance and reconstruc%on, most 

recently m 1978, Standley Lake's present volume of 43,000 acre-feet (5,300 hectare-meters) has 
remamed relabvely unchanged sme  its consmchon Appmxmately 67 p e n t  of the reservou 

water is used as mumapal water supply for the anes of Westrmnster, Narthglenn and Thornton 
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The r e m g  33 percent is transported through mgatlon ditches to agricultural areas northeast 

of the lake, pnmanly between Broomfield and Fort Lupton Standley Lake receives 
appro-tcly 96 percent of its water from Clear (5.tek wa an mgauon dmh, but IS also fed by 
Woman Creek (Figm 2-1), whch drams the southern side of the RFP (Farmers, 1990) 

0 

A geologx charactermuon of Standley Lake was performed by Mmeral Systems, Inc. m 1982 

to prowde data for the enlargement of the dam and re servo^ Bcdrock outcrops at vmous 
locaaons around the lakc consut of claystone wth mterbedded sandstone lenses, probably of the 
Arapahoe Fomauon These wts &p gently to the northeast. Overlymg the bedrock are s u r f i d  

deposits averagmg 15-20 ft (5-7 m) thick, consisMg of a senes of alluwal temces, colluwum, 

and mor other deposits No faults have been identdied m the area (Hydro-Tnad, 1982) 

Although other site-spec& mformatlon concermng Standley Lake geology and ground water 
hydrology are laclung, it IS expected that condmons m the -date vicmty of the reservor are 
slrmlar to those desmbcd 111 Secaon 2 1 2 1 for Great Western Reservo~r. 

Withm the RFP boundary, the Woman Creek dramage contams the two C-senes holdmg ponds, 

Ponds C-1 and C-2 (south and east of the nun productlon a m ,  respectwely) (Figure 2-1) Pond 
C-1 receives flow from Woman creek. TIUS flow is d w m d  around Pond C-2 and back mto the 

Woman Creek channel downstream of Pond C-2 Pond C-2 receives surface runoff from the 

South Interceptor Drtch whch collects surface runoff from the southern half of the RFP mam 
producuon area (Rockwell, 1988a) The South Interceptor Drtch runs along the south 

(downgrachent) side of the mam producnon area, between the controlled area and Woman Creek 

(Figure 2-1) The d m h  itself is not shown m Figure 2-1, whch IS based on 1980 topographc 
maps of the RFP ma. Pond C-2 water formerly was &charged mto Woman Creek m 
accordance wlth the NPDES perrmt for the RFP More recently, water was pumped from Pond 

C-2 mto a tnatmcnt facbty, then through an aboveground pipehe to the Broomfield Drvemon 
Drtch, where it was ds&argcd rn accordance wth an amended NPDES perrmt and an agreement 

wth the clty of Broomfield. "Ius &scharge agreement expued at the end of 1990, and no water 

has been dmharged from Pond C-2 smce ths ume Surface water controls wthm the RFP 
effcctlvely prevent runoff from the RFP marn productlon fachty (the controlled area shown m 
Figure 2-1) from reachmg Standley Lake 

i 
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2 2.2 Enwonmental In vestlnatlo na 
W o m v e  matemls reieased from the RFP may have been transported to Standley Lake through 
surface water (pnmanly m suspended scdtments) and/or rurbarne parhculates (fugmve dust). 
Between 1952 and 1973, the RFP hscharged water treatment f w t y  fdter backwash mto 

Pond C-1, wluch dwharges mto Woman Creek (Rockwell, 1988b) At present, only buffer zone 
surface runoff and natural ground water seepage flow mto the Woman Creek dramage wthmg 
the RFP boundary @ow et al, 1971-1989). 

The followmg sectlons present chronologml sllmmatles of enwonmental stuhes conducted to 

date of Site 201 Analyt~cal results fmm these stuhes are s-zed m Table 2 2 Many of 

the studtes conducted at Great Western Reservou (Section 2.1 3) also mcluded Standley Lake. 

Reports assmated wth these studtes are rncorporated by reference to the documents m Appendm 

D and to the bibhography m Sectlon 6 0 

2 2 2 1 Reservou and Dramage SedmenQ 

The EPA collected four surface grab samples and two cores of bottom sedments from Standley 

Lake m 1970 The results mdtcated possible plutomum contammatlon above the estunated SO 1 

pWg (00037 Bq/g) basehe concentratlon (worldwde atmosphere fallout) m the deeper mas 

of the reservou EPA concluded that elevated plutomum m Standley Lake resulted from 
unspecfied releases fmm the RFP, and speculated that these releases occurred from surface water 
erosion and transport of plutomum-contammated sod (Appendm D, Documents D-1 and D-2) 

EPA resumed theu mvestlgatlon of plutomum m surface water sedunents east of the RFP m 
1973. Analysis of seventeen surface grab samples and eight cores of Standley Lake sedunents 

pelded plutomum conccnmons above estunated basehe concentratlons m only two of the 
surface grab samples. Plutomum concentraQons m the c m s  taken at the locaaons of these grab 
samples were slmrlar to basehe concentratlons (I 0 1 pWg) EPA beheved the c m s  to be 
more repsentatlve of actual con&aons at the two locatlons, and concluded that the collectlve 

samphg effort dtd not mhcate any dmxrnable plutomum contammatlon m Standley Lake 

sedunents ambutable to RFP releases (Appendur D, Document D-3) 
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TABLE 2.2 
STANDLEY LAKE PLUTONIUM ANALYTICAL DATA 

Data So- 

?Radmcavlty Levels m the Enwons of the SurfSed' 004-005 
Rocky mats Plutomum Plant. Golden, Colorado, 
1970," by EPA (Appenh D, Docuncnt D-1) Water 4 02 

"Radroacavrty Levels m the Enwons of the 
Rocky mats Plutomum Plant. Colorado, 1970, 
part II," by EPA (Appendu D, Document D-2) 

SurfSed. 005-031 

Sed Core 0 09-037 

- water 402 

"Plutomum Levels III the Sedunent of Area SurfSed. 4 0 2 0 1 7  
Impoundments E n m n s  of the Rocky Flats 

D. Document D-3) 
Plutomum P b t  - Colorado," by EPA (Appendur Sed COE <O 03-0 16 

Io045 

402 

0 13 

0 19 

402 

007 

007 

2 

1 

2 

2 

1 

17 

8 

"Survey of R ~ N O E  Sedunents," by Dow 
chermcal (Appenh D, Document D-4)' 

"Radtonuclrde concentrahons 111 Reservous, 
Streams and DOWhC Waters Near the Rocky 
Flats Instalhaon," by Battelle PNL (Appendu 
D. Document D-S3 

Surf S@ 0 13-3 16 

sedcare oooo(n-01o9 

SurfSed. 015-0.29 

water 00015 - 

1 3  6 

0 016 a 
0.22 3 

0 0015 1 

"Tune Pattern Of Off-~te P~U~IUUIII SedCm 003-056 
ConcarmnaMn h m  Rocky Flats Plant by Lake 
Sdment Analyses," by W E  (Append~x D, 
Document D-6) 
"Standley Lake Sedunent Sample COllechOn surfsed ND4-055 
Summary," by Rockwell Intemahonal (Appendu 
D, Document D-10) Sed Core 0 052-0.61 

004 63 

0 12 I 2  

l Surface sedunent grab sampie-typically represents upper 5 cm of sedunents 

' Results am for samples oollected III 1973 by EPA and spllt wth DOE Surface seduntnt g d ~  aaalyzed by 
Rocky Flat0 labaratory, sedment corcs analyzed by Battelle Pmfk Northwat LabaWxy and Lawrence 
Livemom Nahonal Laboratory 

Collected numerous water and sedunent samples m whch plummum concenttaQons were not measured 

' ND = below Rocky Flats laboratory deteChOn h u t  of 0 002 pCdg 
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I Dunng a 1974 mvestigamn of radtonuchdes m the sedunents of reservom and streams near the 

1) RFP, Battelle Pacific Northwest Laboratones collected eight surface sedunent grab samples and 

a smgle scdmcnt core frwn Standley Lake. Several samples c o n w e d  plutomum above EPA 
esmated baselme levels of 9.1 pWg (00037 Bqlg) Based upon the smgle core sample, 
Battelle extrapolated total plutomum and amcnaum mventones for Standley Lakc sadtments at 

I 

I 60 and 18 m a ( 2  2 and 0.7 GBqlg), respccavely. The core also suggested that cesium-137 levels 
m Standley Lakc sediments wen typical of atmosphenc fallout baselme levels The Battelle 
study &d not attempt to &flnc the hlstoncal source of Standley Lakc plutomum contammation 
(Appendu D, Document D-5). 

~ 

I 

Separate s d e s  of plutomum m the surface water systems m the vlcllllty of the RFP concluded 
that (1) plutomum rapdy and almost m v m i b l y  attaches itself to clay seduncnts (CSU, 1974), 

and, (2) plutomum m surface water mpoundments does not move very far or very rapidly 

through subsurface waters, meanmg that the ~ J O I I ~ Y  of the plutomum released through RFP 
surface waters was contamed m the on-site holcbg ponds @ow, 1975) 

a The DOE collected two s e h n t  cores from Standley Lake m August 1976, and detemed 

through cmelatlon of peak radtonuclrde concentrations m the longer core that it represented 

approxmately fourteen years of sedmentation (1962-1976) Tlus datmg enabled DOE to 

calculate an average sdmentation rate for the core location of 1 3 dyr (3 4 cdyr), and to 

conclude that plutomum concentrations m the core locatlon exceeded baselme levels smce 1966, 

peaked m 1969, and dcchcd after 1969 The rem atmbuted 70 percent of the plutomum m 
Standley Lake to Eleases from the RFP and speculated that h s  plutomum was transported both 

by avbarne pmculates and by sod erosion w i h  the lake h a g e  basm (le. surface water). 

The tune correlaoon of plutomum deposition m the core corresponded with the known p o d  of 

wuldborne plutomum release from the 903 Pad at the RFP (Figure 2-1) (Appendu D, 
Document D-6). 

I 

I 

Rockwell Intematlonal conducted an extensive sedunent samplmg program at Standley Lake m 
1984 to evaluate sedunent plutomum concentrations and to compare the results wth  prevlous 

work. A total of 63 surface sedunent grab samples and four sedunent cores were collected by 
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Rockwell, of whrch seven grab samples and two cores were collectedjomtly wth the clty of 
Westrmnster The results of th~s study were not pubhshed m repurt farm, but were summanztd 

m pubhc mtttlngs A maxllllll~ll concentranon of 0 61 pCJg(0 02 Bq/g) was detected at a depth 
of 6 3-7.1 m (16-18 cm) m one core. The m m u m  plutomum concentrauon measured m the 

surface sent grab samples, whrch potenually represented a scdmcnt depth of several mches, 
was 0 55 pWg (0 018 Bq/g) (Appendm D, Document D-10) 

0 

In 1989, the CDH analyzed vanous species of fish collected from Standley Lake to d e t e m e  

d they were safe for human consumpbon The fish were analyzed for selected metals, 
rdonuchdes (mcludmg plutomum-239, plutomum-240, and cesium- 137), and pnmty orgmc 

pollutants. No mhonuchdes were detected m the fish, however, low concentranons of cadrmwn, 

mercury, selemum, and the pesucides DDT, DDE, DDD, and maladuon were detected m some 

or all species The report stated that the source(s) of these contarmnants was mdetenmnate, but 

that none of the contarmnants detected were wque to the RFP. It was concluded that the 

contarmnants may have onmated from a vanety of sources m the watershed, mcluding water 

dwerted from Clear Creek, whch contnbutes 96 percent of the lnauent to Standley Lake 

(Appendm D, Document D-1 1) 

2 2.2 2 Reservo= and Dramage Water Ouahtv 

The quahty of surface water m Woman Creek and Standley Lake has been momtored smce 

shortly after the RFP opened m 1951 Tap water is also m o m W  for prOSpeChVe RFPdenved 

contarmnants m a number of mumapahues around the RFP, mcludmg the a t~e s  of Westmmster, 

Thornton, and Northgienn, whch rn supphed by Standley Lake In m u o n ,  several hstoncal 

studes have focused on potenual unpacts to Standley Lake water quahty as a result of RFP 
releases 

Hutoncal Stucbes 

A 1973 study by the EPA concluded that &ssolved plutomum concentranons m water samples 

from Standley Lake were less than atmosphenc falloutdenved basehe concentrahons of 4.03 
pCfl (0001 Bq/l). Dissolved uramum concentrauons were less than the expected natural 

background of 2 5 mcrograms per hter (Appendm D, Document D-3). 



I 
Battelle Paclfic Northwest Laboratones analyzed Standley Lake water as part of the= 
mvestigatlon of racfionuchde concentranons m reservom, streams and domestlc waters near the 

RFP. Plutomum-239, plutomum-%IO, and amcrrcium-241 concentrations m Standley Lake water 
l were above the axpectcd atmosphmc fallout background, whch was not specifically quantlficd 

m thrs study, but wen ordeft of magmtude lower than the EPA Naaonal Prrmary Dnnlang Water 
Regulaaon of 15 p a  (055 Bq/l) far total long-hved alpha achaty (exclusive of radon and 
umuum). Concentratxons of these thrtt rachonuchdes were below detemon hmts of 45x104 

pCJl(17xlO ' Bqh) m Westrmnstcr tap water (Appen& D, Document D-5). 

I 

Routine Momtarurg 

Routine momttmng of surface water wthm and around the RFP, of al l  effluent streams leawng 
the RFP, and of tap water m mumapahties around the RFP has been conducted smce shortly 
after the RFP opened m 195 1. Specdic samphg and analpcal protocols have vaned throughout 

the hlstary of the surface water momtcmng program. Information regardmg sample locations, 
analyt~cal protocols, analytical results, and comphance wth apphcable state and federal water 

quahty standards has been summanzed smce 1971 111 the RIT monthly and annual enwonmental 

momtomg reports @ow et al., 1971-1989) The surface water momtomg program is also 

summanzed 111 the RFP enwonmental mpact statement (DOE, 1980) 
l 0 

The citles of Northglenn, Thornton, and Westrmnster each momtor raw water mfluent from 

Standley Lake at then respectwe water treatment plants for VOCs, gross alpha and gross beta 

Westrmnster also momtors treated (tap) water for gross alpha and gross beta Woman Creek is 

sampled m m e d ~ ~ l y  cast of the RFP boundary once each month by the City of Thornton and 

analyzed for 59 VOCs Another locatlon along Woman Creek is sampled weekly for gross alpha 

and gross beta analysu. Standley Lake water is sampled monthly near the Westrmnster treatment 

plant mlet and analyzed far 59 VOCs Water is also sampled monthly near the Standley Lake 
dam at SIX Merent depths and analyzed far gross alpha and gross beta (CDH, 1989) CDH 
conducts quarterly samphg of Standley Lake for analyses of selected herbiades, peshades, 

metals, BNAs, and rachonuclrdes Westrmnster water treatment plant mfluent from Standley Lake 
is analyzed weekly by CDH for selected radtonuchdes (CDH, 199Oa) 
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The surface and tap water momtorrng programs conducted by RFP, CDH, and the ciaes supplied 
by Standley Lake have produced a large volume of data to assess the potenttal mpacts from RFP 

releases on Site 201 surface water quahty The morutomg 1s conducted m part to ensure that 
the FU?P is m comphancc wth apphcable state and federal water quality standards. Apphcable 
standards have vaned smce the opemng of the RFP m 1951. Currently apphcable standads far 

the RFP mclude. 
NPDES standards for the RFP, first issued m 1974, whlch k t  nonra&oamvc 
dncharges from the plant 

State drinkmg water standards for rdoacave contarmnants tn commuty water 
systems, promulgated m 1977 

CWQCC temporary water quahty standards for both nuboacbve and nomuboacave 
contarmnants, whrch were adopted 111 July 1989 far all tnbutancs to Gnat Western 
Reservos from the RFP 

Desmpaons of these standards, and mformaaon about RFP comphce wth the standanis, arc 

conwed 111 the RFP monthly and annual enmnmental monuomg reports @ow et al., 1971- 
1989) 

2 3 MOWER RESERVOIR (Site 202) 
a 

Site 202 encompasses Mower Reservolr, off-site reaches of the IITIgatIOn &tch whlch feeds the 

reservos from Woman Creek, and downstream surface water features possibly mpacted by 

outflow from the reservos (Fzgure 2-1) Porhons of thu zmgaaon &tch withm the boundanes 

of the RFT are part of RFP OU 6 and are not lncluded 111 Site 202 

2 3.1 Locaaon and Descnr>aon 

Very little documentation exlsts for Mower Reservolr, a small, pnvately-owned mpoundment 

located just southeast of the RFP m Secaon 18, T2S R69W The reservoir is fed by Woman 

Creek ma an ungauon ditch that mgmates wthm the RFP boundary (Figme 2-1) Mower 

Reservou is used for agncultural purposes, pnmanly cattle watenng and mgaaon, and fluctuates 

m capacity dependmg upon water supply and demand It covers an area of approxmately 9 m s  

(3 6 hectares) and is roughly 50 ft (15 m) deep at its deepest pomt (Personal commumcatlon, 

1990) Outflow from Mower Reservolr enters Church mtch apprownattly one-quartcr d e  (0 4 

lan) southeast of the reservov (Figure 2-1) Mower Reservolr is located on land whch was the # 
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subject of a lawsut agamst the RFP by several landowners, allegmg contarmnauon of the land 

surface by releases from the plant (DOE, 1991a) 
I 

No site-specific rnfarmatton is avdable for geolomc and groundwater condmons at Mower 
Reservou. The hydrogcologxcal setang at Mower Resewor is expected to be slrmlar to that 

descnbcd for Great Western Rcservov (Sccuon 2 1 3 1) 

2 3.2 Enwonmental Invesbgatlons 

In contrast to the extenslve hlstoncal samphg data avdable for Great Western Reservov and 

Standley Lake, only very b t e d  data have been collected to charactem Mower Resavor. 

Because the re servo^ IS not a publlc water supply, its water quahty is not momtored and has not 
pwously been evaluated. RFPdenved contammints m Mower Reservov are bellevcd to have 

been transported pnmanly as aubome parhculates, and to a lesser degree by surface water 
through the Woman C m k  dramage, whxh may have conmbuted to plutomum concentrations m 
Standley Lake sedunents (see Sectlon 2 2.2). It can be mferred that contarmnant concentmoons 

resultmg from releases mto Woman (leek would be s u m k  for Mower Reservoir and Standley 

Lake, whde concentfatrons resultmg from rurbarne releases, and from erosion and transport of 
contammated sods by surface runoff, would be smular for Mower Reservou and Great Western 
Reservon 

1 

Mower Reservor sedunents werc sampled m 1970 dunng EPA’s naal study of nuhoactlve 

contarmnaoon m the aquaac enwons of the RFP A total of four surface sedment grab samples 

were collected Plutomum concentrations m these samples ranged from 009-0 18 PCJg and 

averaged 0 14 pCdg, shghtly exceedmg EPA’s estmated baselme concentration of 0 1 pCdg 
(Appcnduc D, Documnts D-1 and D-2). No further characmzauon of Mower Resewor 

contammatton has been conducted smce th~s 1970 samphg effort. 

Numerous mvestlgatlons have focused on elevated plutomum concentratlons m surface sods 

around Mower Reservor (DOE, 1991a) These stuches have concluded that the primary source 
of the plutomum was wmdbmne parhculates from the 903 Pad (Figwe 2-1). It is expected that 
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Mower Reservou received slmllar amounts of plutomum through aubome transport as the nearby 

2 4  OTHERRELEVANTSTUDIES 

Several proposed or ongomg mvestigations v v l h  the boundatres of the RFP may produce data 

whch is relevant to the OU 3 reservom Although mvesbgations at on-site OUs have progressed 
to varymg stages of compleuon, most 811: m the utial assessment stage Investlgauons of 
Woman Creek (OU 5) and Walnut (leek (OU 6) wdl help to deteme the extent to whch these 

dramages were pathways for off-site contammation whch mght eventually have reached 
Standley Lake and Great Western Reservou. Stuches of surface sod contarmnatlon m the eastern 

part of the RFP as part of the ongomg mvestigaaon of the 903 Pad and associated on-site 
contammanon (RFP OU 2) may elucidate the role of wmd m transporting contammants to the 

OU 3 reservo~s, pamcularly Mower Reservov 

In 1988, the Colorado School of Mmes (CSM) presented a proposal to the RFP to study 

donuchdes m the sedments of Colorado Front Range lakes whch had not been affected by 

releases from the plant (CSM, 1988) As a result of thls proposal, a study was conducted for the 
RFP by CSM of W g e n  Reservo= and Wehgton Lake, located north of Fort C o h s ,  Colorado 

and southeast of Badey, Colorado, respectively The objecaves were to more firmly estabhsh 

basehe donuchde concentrations due to atmosphenc fallout so that "excessive" values could 

be operationally defined, to compam sedmentation rates for the "background" resewom wth 
those for reservom near the RFP, and to determme whether ra&onuclrdes were subject to any 

post-deposiQonal bioturbation The study detemmed that plutomum concentrahons m the 

sediments of the two reservom peaked at 0 19 9 02 pWg (0 007 flooM4 Bq/g), and proposed 
thls value as a basehe concentranon for plutomum m Colorado Front Range rescrvom (CSM, 

1990) Th~s level is somewhat hgher than EPA's e s m t e d  plutomum basehe concentratlon of 

4 1 pCdg (0.0037 Bq/g) The CSM study was presented to the RFP m May 1990, and has not 

yet been formally rewewed by the RFP or pubhshed for the sclenafic c o m ~ t y  outside the 

RFF 

@ 
l 
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2 5 SlTE DEMOGRAPHICS 
The population, economcs, and land use of the areas smundmg the RFP are described m a 

1989 Rocky Flats vlcmty demographcs report by DOE (DOE, m press) ' h s  report dm&s 

general use of areas wthm zero to 10 rm (zero to 16 km) of the RFP mto I'CSidcntid, 
commercial, mdustnal, parks and open spaces, agtrcultural and vacant, and mstituaonal 
classfications, and considers current and future land use near the plant. 

25.1 Current Use 

The majmty of residential use wthm five rm (eight km) of the RFP u located d a t e l y  north 

and southwest of Standley Lake Smgle (ucorporated) residents are located m the vlcmty of 
Great Western Reservou and Mower Reservou Figure 2-2 shows the 1989 populaaon 

duabution wthm areas up to five d e s  from the RFP Commeraal development is 

concentrated near the residential &velopments north and southwest of Standley Lake, and around 

the Jefferson County Arrport approxmately 1 5  m (2 4 km) northeast of Great Western 

Reservor Industnal land use wthm five m (eight km) of the plant 1s h t e d  to quarrying and 

mmng operations. Open Space lands are located northeast of Great Western Reservor, near the 

city of Broomfield, and m small parcels a d j o m g  major dramages and small neighborhood parks 
m the Cities of Westrmnster and Arvada. Standley Lake is surrounded by Standley Lake Park 

Imgated and nomgated cropland, produmg pnmarrly wheat and barley, are located northeast 

of the RFP near the Cities of Broomfield, Lafayette, and Lomsde, north of the RFP near 
Lomsvrlle and Boulder, and m sca t ted  parcels adjacent to Mower re servo^ and Great Western 

Reservor Several horse opemaons and small hay fields are located west of Standley Lake The 

demographcs report charactenzes much of the vacant land adjacent to the RFP and the rcservom 

as rangeland (DOE, m press) 

Included withrn site 199 of RFP OU3 are two conhguous parcels of land t o a g  350 acrcs (142 

hectares) whch were detemmed to contam plutomum m soil m excess of a CDH speclal 

construchon reqmments standard of 0.9 pWg (0 03 Bq/g). The parcels of land am duectly 

south of Great Western Reservor and west/northwest of Mower Reservou, and are owned by the 
City of Broomfield and Jefferson County, respectively These lands were part of a larger area 

adjacent to the RFP whch was the subject of a lawsut by landowners agmst the Umted states 
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between 1975-1985 The lawsut settlement agreement requved that the RFP rcmebte the 
Broomfield and Jefferson County acreage To date, sod plutomm conccntraaons have been 

reduced to below the rendml acaon target level of 0 9 pWg on 120 acres (48 hectares) of the 

Jeffcrson County amage adjacent to Mower Reservou Concentraaons on the r e m g  120 
acres of Jefferson County land, and on the 100 acres of Broomfield land south of Great Western 
Rescrvolr, may stdl exceed 0.9 pCJg. The Jeffcrson County land was dedrcated to the county 
Open Space program. Rather than allow 1I11Illltdl8te use of the land as Open Space, the county 
has chosen to prevent pubhc access to thu land until remcxbal acanacs are completed. The 
Broomfield land serves as part of a buffer zone around Great Western Reservon, and is also 

excluded from pubhc access (DOE, 1991a) 

I 0 

2 5 2  FuturtUse 

Future land use m the vlcuuty of Sites 200-202 most hkely mvolves conanutd suburban 
expansion, mmaslng the density of residenaal, commeraal, and perhaps mdustnal land use m 
the areas The expected E n d  m populmon growth m the vlcmty of the RFP is addtessed m the 
DOE demographcs study (DOE, m press) Thu report considers expected vanations M 

populanon density by comparrng the cumnt (1989) settmg to populaaon projections for the years 
2OOO and 2010, A 21-ycar profile of projected populaaon growth m the wmty of the RFP can 

thus be exarmned. The DOE projecaons a n  based pnmanly upon long-term populaaon 
projecaons developed by the Denver Regonal Cound of Governments (DRCOG) 

Expected populaaon demty and dlsmbuaon around the RFP for the years 2OOO and 2010 are 

shown m Figures 2-3 and 2-4, respecavely Table 2 3 summanzes the population data presented 

111 Figures 2-2,2-3, and 2-4. Sectors 3,4, and 5 depicted 111 these figurcs axe relevant to the risk 

assessment presented m Secaon 4.0, whde sectors 1 and 2 represent property wthm the RFP 
boundary In addaaon, only radml Sectors B through H are considered relevant to Sites 200-202 

It is concluded M Secaon 4.0 that wmdborne pmculates from exposed serllments is the most 

sigdcant potenaal exposure pathway from the reservous whch can affect human receptors. 
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TABLE 2.3 

CURRENT AND PROJECTED POPULATION IN THE 
VICINITY OF THE ROCKY FLATS PLANT 

1 0 0 0 0 0 0 0 0 

2 0 0 0 0 0 0 0 0 

3 5 13 0 0 0 17 0 35 

1 4  0 22 0 283 46 50 215 616 

11 5 I 3001 131 251 3,6711 4771 5781 2,355) 7,419 

11 SUM I 305) 481 251 3,9541 5231 6451 2,570) 8,070 

11 5 I 1,2891 5661 251 4,3721 5421 1,2591 6,4571 14,510 

11 SUM I 1,2941 7931 321 4,8441 6381 1,3261 7,0871 16,014 

1 0 0 0 0 0 0 0 0 

2 0 0 0 0 0 0 0 0 

3 5 13 0 0 0 17 0 35 

4 0 389 14 644 142 50 1,007 2,246 
11 5 I 2,1891 1,0691 251 5,009) 6011 1,8791 10,1861 20,958 

11 SUM I 2,194) 1,4711 391 5,6531 7431 1,9461 11,1931 23,239 

Source DOE (m press) 
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The projected popdanon growth m the next 20 years m areas typically downwmd of the 
reservom (~nmanly Standley Lake) may mcrease the number of potential receptors from the 

avborne pathway with the exception of one study m whch the RFP measured hgher 

ConcentraQons m samples spht wth EPA (Appendm D, Document D-4) It is repeated here that, 

wth the excephon of a study m whch the RFP 1ahtcn-y measwed much hgher plutomum 

concentranons m sample sphts than &d EPA (Appendm D, Document D4), the peak plutomum 
concentranon measured m Standley Lake sedments m past stu&es is 061 pWg (Table 2.2). 
' W s  peak was found m the deeper water area of the ~ ~ S C N O K  (1 e ,  not prone to exposure and 

entramment by wnd), and the sedments contIuntng the hgher COnCentrahOnS have been buned 
by subsequent sedtmentanon Even If these s e h n t s  were somehow exposed to furborne 
entmnment, the peak concentranons are beheved to be less than the CDH speclal construcnon 

quuements standard for plutomum m sod of 09  p w g ,  whch was promulgated to protect 
potennal receptors agamst a r b m e  exposure This topic is addnssed 111 more &tad m Secaon 
4.0 Extensive mume water quahty moxutomg of Standley Lakc, Great Western Reservoxr, and 

mumapal tap waters denved from these reservom m&cates that plutomum m the re servo^^ 

sedunents has had no measurable unpact on water quahty, m e m g  that probable mcreases 111 the 

populanons supphed by the reservom wdl not consntute an mcrease m potennal rectptors wa 

the mgesnon pathway 

It is assumed m Secnon 4 0 that the present use of Sites 200-202 wdl remaln unchanged m the 
foreseeable future 
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3.0 CONCEPTUAL MODEL OF CONTAMINANT FATE AND MOBILITY e 
UUhPng the mformatlon obtamed m past stuhes (Sectlon 20), a conceptual model of 
contarmnant transport and exposure pathways for Sites 200-202 is presented here for use m the 
evaluatlon of the potcntlal nsks of rcservor contammatlon to human health (Figure 3-1 and 

Table 3.1) 

For an exposure pathway m the conceptual model to be considered complete, it must contam the 

followmg components. 

Contarmnant Source. For purposes of the conceptual model, the pnmary current some 
is plutomum-contarmnated reservor sedments at Sites 200-202 Plutomum from Sites 
200-202 could be released to au, ground water, surface water, or biota. Each of these 
medla can subsequently become a secondary source for further releases 

Contarmnant Release Mechmsm Potentlal release mechmsms for plutomum from the 
reservou sedments mclude resuspension mto w, surface water runoff, 
mfiltratlodpercolatlon mto ground water, and biotic uptake The conceptual model 
idenwies both pnmary release mechmsms (those mechmsms whlch release 
contarmnants drrectly from the source area) and secondary release mechmsms (those 
mechmsms whch release contammants from secondary medut contammated by the 
source area) 

Transport Medm Once plutomum is released, it can be transported wthm transport 
medla to exposure pomts The transport medla can be au, ground water, surface water, 
or biota Behamor and fate of plutomum m these medla axe mportant relatlve to 
exposure routes and receptors The conceptual model identifies both pnmary transport 
medla (the medla m whlch contarmnants emst at the source area) and secondary 
transport medla (those medla 111 whch contarmnants are transported away from the 
source ma)  

Exposure Route Any pomt of potential contact wth a contammated d u m  is an 
exposure pcnnt. Exposure routes m detemed accordmg to the m d a  contammated 
and the antlcipated actlvltles at the exposure pomts Exposure route can be by 
ingemon, halation, or dermal contact. 

Receptor The receptors are mdmduals potenhdy exposed to contammants at the 
exposure pomts 
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TABLE 3.1 

CONCEFI'UAL MODEL FOR SITES 200-202 

Primary Release I Secondary I Secondary Release Exposure 
Mechanism Medicum Mechanism I Route 

Fugmve Dust An Anborne InhalahOn 
Settled dust-plants Ingesaon 
Settled dust-sod 
Settled dust-water 

Wmd Stnppmg of An 
Water 

Aubome Inhalauon 
Settled dust-plants Ingesuon 
Settled dust-sod 
Settled dust-water 

Reservotr 
kscharge 

Surface Water 

IIlfjllIatlOn/ 
Percolahon 

Groundwater 

/BlOtB Biohc Uptake 

Biohc Uptake 
Deposition 
Imgation 
Infiltrahon 
Fughve dust 

Inhalaaon 
Ingesaon 

Seepage 
Pumpage 
Base How 

Ingesaon 

I Ingesuon 
Biodegradahon 

Dzmkmg Water Treatment Plant Tap Water Pmapitates 
Withdrawal I 

Potential 
Receptors 

Residents 
visitors 
Biota 

Residents 
VlSltors 
Biota 

Residents 
VlSltors 
Biota 

Residents 
Biota 

Residents 
Biota 

Residents 
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0 The conceptual model provides a contamtnant source charactemahon and an o v m e w  of all the 
I potential rmgrat~m pathways that may result fiom releases h m  and/or mto each transport medm 

Some of these pathways have a hgher po tend  for occurrence than others. S igdcant  rmgraaon 
pathways whch axe common to each ~ ~ S C X V O K  are idended m sechon 4 0 by evaluatmg the fate 
and mobhty of the contarmnant m each po tend  mcdta that is mcluded m the conceptual model. 

Reservm specific pathway issues are then dlscussed m Secaon 40. Exposure mutes and 

receptors, whtch are also components of a completed exposure pathway, are addressed m 
Section 4.0. 

The vmous elements of the conceptual model are exphned ln the followlng sectlons 

3 1  souRcElAREAcHARAmRIzA "ION 
Plutomum fate and mobhty 111 the waters and sedmcnts whch consmute the prunary transport 

medm at Sites 200-202 depend on the physical and chemcal properhes of the medu and the 
I plutonium. 

e 

3.1 1 Contarmnant Charactensttcs 

As descnbed m Sechon 2.0, contarmnahon ambutable to releases from the RFP has been 
documented at Sites 200-202. The only known contarmnants from the RFP above background 

levels m these reservom arc plutomum and amencium. hvesagahons have further concluded 

that the contmunants w m  mtroduccd to the reservom as a result of hsmcal RFP releases. As 

shown m Figure 3-1, it is conceivable that mor amounts of plutomum and amtflclum may 

conmue to enter the rescrvm as a result of surface water and/or wmd erosion of contammated 

soh. Extensive m o m m g  of ambient 8v @ow et al , 1971-1989) and surface water (see 
Secaons 2.1 3.2 and 2 2 2 2) around the RFP have not detected measurable mpacts to the 

reservm through ongomg sod erosion Results from ground water quahty momtonng along the 

eastern boundary of the RFP m h a t e  that ground water has not been a pathway for contarmnant 

mtgratlon to the reservm @ow et al , 1971-1989). 
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Because the enwoIlllltlltal fate and mobhty of ammaum and plutomum are very smdar @PA, 
199Ob), and because much mcm mfarmathOn is avrulable concemg the enwonmcntal fate and 
moblllty of plutonium, the followmg secaons focus specifically on plutomm 

3 1 2  SedmentandWaterC haractenshcs 

In stagnant unpoundments such as holdmg ponds and reservom, suspended sohis gradually settle 
out of water to form bottom sedunents it has been shown that clay-nch sedments, such as those 

m Sites 200-202, have an extremely hgh affhty for plutomum, effecavely Immobdmng it m 
the s e n t  (CSU, 1974) W e  it is possible that elevated concentrations of complexmg agents 

combmed wth a relaavely lllgh percolaaon rate through the sedments rmght m o b h e  the 

There are 15 known isotopes of plutomum that decay mto other elements at Merent rates (half- 

hves range from hours to 387,000 years) (Ames and R ~ I ,  1978). At the typical temperature, pH, 
and Eh ranges of c n m m n t a l  concern, plutomum wdl exlst largely as either plutomum &oxide 
(hOJ or, m aqueous enmnxmnts, as a sohd hydmxlde (Bmlans, 1984). The solubhty 

product constant of plutomum hydroxde has been reported as 7x10", mdxatmg wtual 

msolub&ty m water Paube, 1964) Plutomum hydroxide typically adsorbs (attaches) bghtly to 

parhculate matter by electrostaac ~ttrctctlon. The majmty of plutomum o c c m g  m aqueous 

enmnments wdl be adsorbed onto suspended soh& m the water, whch settle out 111 

Mgoundments such as Sites 200-202 to form bottom sedments Although the presence m the 

enwonment of complexmg agents such as hurmc acid may cause mmased solubhzaaon of 

plutomum, solubilization wdl be mmml under the condmons generally found m the natural 
enwonment and plutomum wdl r e m ~ u n  associated with the sohd phase @PA, 199Ob) 0 
Based upon the conceptualmuion of plutomum chermstry m the enmnment presented above, 

nearly all of the plutomurn m Sites 200-202 is expected to be adsorbed to clay m bottom 
sedments Studes cited m Secaons 2 1 3 and 2 2 2 have mdxated that the plutomum m Great 

Westem Reservou and Standley Lake occurs 111 a &stmct sedment hmzon 111 each ~eservou 

whch has been bunad by subsequent sedmentaaon The hlghest plutomum concentraBons 

appear to exlst m the deepest areas of the R S ~ ~ V O K S  
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Surface water typically is charac ted  by omdmng condltlons Density straflicaaon of lake 

waters m summer, however, can result m a reducmg enmnment m deeper water Under 
reducmg con&tmnsT the distribuaon coeffiaent of plutomum, whch is the raao of concentranons 
m sod (or sedunent) to concentrahons m water, may be three- to ten-fold lower than under 
typical nservou concbaons, m e w g  that plutomum moblllty may mcreast sllghtly The 
magmtude of thrs mcnase is not sigmtlcant, however, m terms of overall plutomum mobhty 

(ANL, 1986) 

3.2 RELEASEMECHANlS MS AND TRANSPORT MEDIA 
As shown m F i w  3-1 and Table 3 1, potenbal release mechatllsms and transpart h a  can 
combme m a vanety of ways to transport contammaoon from the reservom to human and other 
bioac nceptols. These release mechwms and transport medu are poknaal, and thev 
idenofkaaon is not meant to mply that they WIU occur or be si@cant at the xesmom The 
contarmnant source charactcrrzed m the precedmg SeChOn is a sem-consohdated mass b u n d  m 
the sedunent of each n m o w ,  and IS m fact not expected to be zeaddy avadable for release mto 

the enwonment by any of the mechatllsms descnbed below Probabhaes of occurrence are 

discussed m Secaon 4 0 
0 

3 2 1 Plutomwn Fate and Mobihtv m Surface Water 

There are five omdaaon states of plutomum (Pu) III aqueous soluaons P u o ,  P u o ,  Pu(V), 
Pu(VI), and Pu(VII). As discussed m Secaon 3 1 1, the Pu(IV) oxldation state (i.e., plutomum 

hydroxdc) is the most stable under the omdIzmg and near-neutral condIQons typical of surface 
water @OE, 1991b). 

Plutomum hydroxrde is exmmely msoluble m water, but can nonetheless undergo very lm~ted 

dlssoluaon m the pH range of enwonmtntal mterest. The sohd phase of plutomum hydroxlde 

is a colloidal polymer of neutral or posihve charge Pu(V) and Pu(VI) can coexlst as ions wth 

the polymer (DOE, 1991b) Such colloids can contam fkom 106-10'o atoms of plutomum 

(Andelman and Rozzell, 1970). Increasmg pH tends to reduce the charge density of the polymer, 

and at pW9, it is expected that the colloids become negatwely charged, decreasmg thev a fh ty  

for paraculates and thus mcreasmg then mobhty m surface water (Roxbwgh, 1987; DOE, 
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1991b). Plutomum solubtllty and subsequent moblllty may also mcrease m the presence of 

&ssolved o r g m  matter, carbonate, flumdes, mtrates, chlmdes, or other complexmg agents m 

the water (Allard and Rydberg, 1983) Them is no ewdence, however, that thrs process is 
occumng m the n s c r v m .  The depths at whch concentraaons of plutomum b a s e  to 

background levels m the sedment columns of Standley Lake and k a t  Western Reservov have 
rcmamed constant m the pen& between stubs conducted to date (see Appendm D) 

Resuspension of plutomum from bottom sedments is possible by processes whch Qsturb the 

sedunents (eg., burrowrng orgmsms, hlgh runoff, or wave acaon m shallow areas) The 

resuspended sedments wdl eventually settle back out, and agam become part of the bottom 
sedments. 

3 2 2 Plutomum Fate and Mobdm m 4911. 

As mdxated m Figure 3-1 and Table 3 1, exposed sedments m near-shore areas of the reservou 

may be suscepable to nsuspension by wd. Thls resuspension may be amphfied by dsturbance 

(e g , vekcular traffic) once msuspendtd m au, pamcles can move long &stances ciepencimg 
upon wmd velocity and turbulence Smaller Qameter parttcles wdl be camed fartheq therefore, 
the size of sedrment wth w b h  plutomum is associated is mhcd Numerous stu&es at the RFP 
have focused on plutomum a s m a a o n  mth size fracaons of sod pamcles and have detemed 

representaave percentages of respmble plutomum-contammated sod pamcles m au (McDowell 

and whlcker, 1978; whicker et ai, 1974), but the carrelatlon of these studes to mservou 
sedunents is unknown. Sedunent sue charactermaon wdl be conducted as part of scheduled 

RFI/RI acavlaes for Sites 200-202 

0 
I 

3 2 3 Plutomum Fate and Mobfitv m Ground Water 

As Qscussed m Sechon 3 2.1, no evldence has been observed m Great Western Reservou or 
Standley Lake of solubhahon and leaclung of plutomum downward m the sdmen t  column 
towards the ground water table Thls lack of mobhty results pnmanly from the strong tendency 

of plutomum to adsorb to clay m the sedunents 
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0 The rmgration of plutomum ions m ground water is retarded due to conmuous &stnbution of 

plutomum between soll and water phases The &stnbution coefficient (IS&, whch quannfies the 
tendency to be adsorbed onto a sohd paracle relative to r e m g  &ssolved, for plutomum is 
Id-ld (Allard and Rydberg, 1983). The EPA (1990b) gwes a &stnbuaon coeffiaent of 2x10’ 
for plutomum. Plutomum would not be expected to rmgrate readdy 111 ground water wth such 

hgh I<d values. Furthermare, plutomum wdl tend to mnam adsorbed to sohd pamcles at pH 

values between 3 and 9 (Roxburgh, 1987). However, it has been shown that plutonium (and 
amenaum) bound to colloidal paracles m ground water may be unaffected by the forces that act 

to retard thev movement through ground water and may mgrate &stances far beyond those 

expected fiom I(d values alone (Penrose et al, 1990) The Penrose study descnbes dmolved 

plutomum and amenaum from a treated aqueous effluent mgramg through a shallow alluvial 
aqwfer derived from volcanu: tuff The mmeralogy of this aqufer is not dembed, but fine- 
grarned matenal dembcd as sdty clay may, rn fact, be mhtes (hydrated alurmnosd~cate 

mmerals) The plutomum source, mode of transport, depositional mechmsm, and aqwfer 

enmnment are potenWy very Merent than the re servo^ enmnment at Sites 200-202 
Indeed, the Penrose study cautions agamst extrapolamg the results to dlsslrmlar enmnments 

and conditions wthout careful site-spec~c study The vemcal &stnbuaon of plutomum m the 

~ ~ S C I V O K  scdments and, d appropate, the ground water enmnment at the mervous wdl be 
stuhed d m g  scheduled RFWU actinties at Sites 200-202 

a 

3.24 ( Plut mum F 
Fdtraoon of influent water at water treatment plants effectively separates most suspended sohds 

from the water. Any plutomum adsorbed onto these pmcles wdl therefore also be removed. 

Water from Onat Western re servo^ is filtered at the Broomfield water treatment plant The 

filters am mutmely backwashed mto a setthg lagoon at the plant. Accumulated backwash 

sludge IS penod~cally removed from the lagoon and analyzed for a vanety of parameters, 

mcludmg plummum, p o r  to &sposal Plutomum above background concentrations has not been 

detected 111 the sludge m past analyses Fdter sludge was last analyzed and removed from the 

lagoon appmumately five years ago (Broomfield, 1990) Fdter sludge was also analyzed at the 

Broomfield pIant by the EPA (Appenh D, Document D-1) and Battelle (Appendm D, e 
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Document D-5). Fdtratlon of Standey Lake mfluent occurs at the Northglenn, Thornton, and 
Wcstmtnster water trclttmcnt plants. Ihscusslons with personnel at each of these facdmes 
mhcate that filter backwash sludge is not and has not prcwously been analyzed fur plutomum 

l or gross alpha actlvlty. 
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4.0 PRELIMINARY HUMAN HEALTH RISK ASSESSMENT 

Sechon 300 43qd) of the NCP (Fe&ral Regster March 8,1990, pg. 8709) states that as part of 
the remedtal mesagahon, a Basehe Rsk Assessment (BRA) is to be conducted to deterne 
whether the contammants of concern identSied at the site pose a cumnt or potenaal nsk to 
human health and the enwonment m the absence of remedial aChOn For purposes of h s  report, 

Table 5 of the IAG Scope of Work modlfies h s  objechve for OU 3 by Wung the nsk 

assessment to human health concerns based on a no-acbon alternaave A complete qUanUtahVC 

nsk assessment wdl be performed as part of the scheduled OU 3 RFWRI acavlhes The 

followmg dwusses the general aspects of a BRA, and the specific Merences of thu p r e a a r y  

assessment. 

4.1 BASIS AND PURPOSE OF THE BRA AND THE PRELIMINARY €3" HEALTH 
RISK ASSESSMENT 

The major objechve of a BRA is to idenhfy and defme (quanw) potenhal human health nsks 
l and potenhd enwonmental lmpacts associated wth exposure to the conshtuents present m the 

vmous enwonmental site medta. The assessment is not mtended to estrmate the true risks to 

whxh human or enwonmental popdahons wdl be subject; rather it presents upper bound 

esomates of these nsks to be used m the remdal decision-malung process The true nsks are 

lrkely to be much lower than thev upper bound values It is used as mput into the Feasibhty 
Study (FS) to focus on the most appropnate remehes (If any), whch nducc idcntJfied nsks (lf 
any) to acceptable levels The BRA essenaally estabhshes the site basehe COnhhOnS from 
wbch a selecaon of the most appropate type and extent of correctwe acaons (lf any are needed) 
can be made 

, 

BRA Obiecaves 
In general, the major objectwe of the BRA is attamed by iden-g and charactenzlng the 

followlng. 

Toxlcity and cpanhty of hazardous substances present m each medla of concern 

e 
Enwonmental fate and transport mechmsms wthm speclfic enwonmental &a, such 
as physical, chemcal, and biolopcal degradaQon processes 
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Hydrogeologd, atrbarne, surface water, and biota evaluation and assessment 

Potenmil exposure pathways and extent of actual or expected exposure 

Popuhon at nsk 

Extent of cxpccted harm and the llkellhood of such harm occurzvlg 

Acceptable levels of exposure based on regulatory and tmcologcd lnformatlon 

Companson of concentrations present wrth Apphcable or Relevant and Appropate 
Reqmments (ARARs) 

Development of a ate-specific model that wdl p w d e  a calculation of mk, even site- 
speclfic parameters. 

At most faches,  the pnnclple data source document for conductmg the BRA is the RFl[ or the 

RI repart. These wdl be referred to as an RFURI report far purposes of 0 U. No 3 &scussions 

These mclude general site charactenzabon mformation, chemcal analywal mformation, and a 
detaded descnption of the hydrogeologxal ngme and pmhcaons of groundwater flow and 

contammant transport mechmsms. The charactemation of site-specific parameters such as 

airborne contrynmant concentrations, types and &stnbuoon of biota, occurrence of surface water, 
and sod contammant concentrations are also perf- dunng an RPI/RI. The BRA prtsents the 

data collected dumg these mvesagations m the context of potenaal human and environmental 
exposure and focuses on the most t o w  of the site contammants. The human health aspects of 
the BRA uses the data and the charactemation of the site and contarmnant dstnbution patterns 
for all enmnmcntal maha by remtcptmg them m the context of potentially complete 
exposure pathways leadmg to human receptors, wth one added dmenmon, namely focusmg on 
the tomc consatuents. The followmg &scussions focus on the human health aspects of a nsk 

assessment. 

' 0 

Once all potential exposure pathways have been evaluated the carcmogemc nsk calculations from 

each are summed to produce a total nsk posed to humans from the contaxmnants located on-site. 

' h s  value is then compared to the EPA target carcmogemc nsk range of 104 to lob The EPA 
does not reqw the complete elmmaon of nsk or of all known or antiapated adverse effects, 

I 

1 
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rather it reqms  protecaon of human health and the enmnment. Appendms B and C of thls 

report prow& -bond dormatlon c o n c m g  the concepts of risk. 

In 40 Codc of Federal Regulabons (CFR) Sectlon 300 430(3)(2)(i)(A)(2) the EPA states that "For 

known or suspected carcmogens, acceptable exposure levels axe generally concentranon levels 
that represent an excess upper-bound hfeame cancer nsk to an mdmdual of between 104 and 
lo*, usmg mformaaon on the relaaonshp between dose and response." F u r t h ~ ~ ,  the EPA 
has stated m this secaon that the lo* nsk level shall be used as the pomt of departure for 

detemninmg r e d a n o n  goals for altemaaves when ARARs are not available or are not 
sufficiently protecave because of the presence of mulnple contarmnauts at a site or muluple 

pathways of exposure, however, this loa cumulaave nsk level is to be used only as a starting 

pomt, and does not reflect a presumpaon that the final declsion on remedud acaon should a m  
such a nsk level. It is possible that gwen site-spec& parameters, a cdcdahon that nsults rn 
a cumulahve total nsk level of 104 to the pubhc could sall be protcchve of human health, thus 

ehmatmg the need for remdal acaon 

Ouahtaave k s k  Assessment Obiecaves 
Unfortunately, none of the above issues can be quantlfitd m this document due to the type of 

hstoncal data avadable for Sites 200-202 Appendm A of this document p s e n t s  a data 

useabhty rewew of emting documents to evaluate the= apphcabhty for use m risk assessment, 
and concludes that the avadable data are not adequate to perform a defensible quanataave nsk 
assessment. A quanataave nsk assessment wdl, however, be performed based on EPA gudance 

@PA, 1989) as part of the remdal lnVeSagahOn report. 

Smce the reqmments of the IAG must shll be met, and a quanataave human health nsk 

assessment cannot be performed wth emtmg data, a quahtaave human health nsk assessment 

for Sites 200-202 is presented m this section The objecaves of this quahtaave assessment arc 

to identify all potenbal exposure pathways wluch wdl be evaluated m the RFURI, to dtscuss the 

relaave signlficance of each pathway by usmg exlstlng mformaaon to make quahtaave 

judgements, and to idenw m a o n a l  mformaaon whch wdl be needed to perform a quanataavt 

assessment. The quahtaave assessment presented m thls report uses the exlsmg mformatlon to 
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make judgements concemg the potenad exposure pathways and to identrfy the plausible 
exposure pathways and qU&tahVe nsks whxh are apphcable to the no achon alternaave for the 

resewom. These judgements arc not used, however, to elmmate potenhal exposure pathways 
from evaluatlon dumg the scheduled RF4RI act lv l~s  

0 

The quahtative nsk evaluatlon (based on emMg mfaOrmahOn) far the no action altanatlve is 
based on the current uses of the reservom. In order to pw& some estrmate of whether them 

is any lmmlnent threat to human health, a hypothetlcal (genenc) nsk assessment has also been 

pron&d that uses genenc exposure pathway assumptrons based on future resewor use 
con&tlons This gencnc nsk assessment does have h t a a o n s  m that only plutomum IS assessed. 

Thts assessment IS provlded m Appcnduc C, and mcludes &scussions of the relatlve Mcrence 
m nsk based on plutomum concentrahons m exposed or resuspended stxlmcnts of 0.01 pWg, 

0 1 pWg, 1 pWg, and 10 pWg. The reader may compare the calculahons for each pathway to 

assess If them is agreement between the quahtaave demptlon of nsk €tom each pathway with 
I the nsk calculated far that pathway m Appenduc C. 

~ 

All of the data renewed (see S m o n  6.0, Appendxes A and C far a h t  of references) m&catc 
that radronuchdes m reservoxr and s t m m  sedunents are the only contaxrunants of concern at 
Sites 200-202 whch can be ambuted to RFP hstorrcal releases Some medui specific analyses 

of plutomum and other donuchdes  present at the RFP, such as amenam-241, have been 
performed at Oreat Western Reservov and Standley Lake (Appendm D, Document D-5). 
However, only plutomum d be addmssed specifically m h s  quahtative nsk assessment and 

m the genenc nsk assessment (Appenduc C), smce the potenaal exposure pathways for the 

radronuchdes of concern are 513131183 (although ngmficance may vary), and s~flcantly man data 

would be needed to quantltatlvely address the nsks of these other wonuchdes. A more 
comprehensive assessment of all contarmnants of concern and of the potentd exposure pathways 

wdl be perfonmd dumg the scheduled RFW aChvlheS 

, 

4 2 OUALITATIVE ASSESSMENT CONCEPTUAL APPROACH 

Smce there is no exlsting RFI/RI document, hs quahatwe nsk assessment uses hazard ranhngs 

(Secaons 4 5 1 and 4 7 1) mstead of plutomum concentratlon values, transport equatlons and 
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receptor dose calculatons to make judgements conctnung relaave maptude of specific h a  
occurrence, release probabhes, potential routes of uptake and the ulmate mpact on a human 
receptor. As dlscusscd, a genenc quanataave nsk assessment is also mcluded m Appendm C, 
so that the m b v e  maptudc of the quahtaave hazard ranlang can be compand wth the 

numerical magmtudc of the exposure pathway analysis prowded m Appendur C. 

The EPA R d c  Assessment Gudance (RAG) document states that a completed exposure pathway 
must have the followmg four elements (WA, 1989). 

A some and mechmsm of chemcal release to the enmnment 

An enwonmental transport medwm for the released chemcal(811; ground water, e c  ) 

A pomt of potentlal human or biota contact wth the contarmnated &um (exposure 
pomt) 

A mode of uptake at the exposure pomt (mgestion, mhalation, or dermal contact). 

If any of these elements arc absent, there is no resultant human exposure and consequently no 
nsk Far the purposes of h s  assessment, the tern completed exposure pathway wdl be used 
only when all four of these elements arc present 

The quahtative nsk assessmnt presented m thu report has been developed as follows* 

Toxlcltv Assessment (Secaon 4 3) 

The human health nsks assocuted wth d a t i o n  exposure m bnefly descnbed, wth emphasis 

on exposure to plutomw A mare ngorous toncity assessment wdl be performed as part of the 
scheduled R.FI/RI activmes, once adequate site-spec& data have been collected. 

Source Term (*on 4 4) 

The source term dembes the amount and dstnbuaon of contammant (plutomum) found m the 
resewom For Sites 200-202, the source term corresponds to plutomum concentrations m the 
resewon sedments The concentmaon of plutomum m the sednncnts, and the depths at whch 
it is found, affects the maptude of any release mto other medm A more comprehensive 
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charactenzauon of the extent and maptude of all contarmnants of concern vvlll be performed 

as part of the scheduled FlFI/RI activmes 0 
Potenual Ex~osure Pathwavs (Secuon 4 5) 

Potenual exposure pathways for Sites 200-202 an identitied based on hsumcal mformahon, and 

site and contarmnant charactensucs The relative mportance of any mdndual potential exposure 
pathway is then assessed by esumaung the maptude of potenual exposure, the frequency and 

durahon of these exposuns, and the ha-specific pathways by whxh humans are potenhdy 

exposed. The magmtudes of potentlal exposures are based upon the sedment contammation 
bemg a contammation source for other medla Ma-speclfic pathways for the current mervorr 

use condltlon (descnbed m Sechon 2 0) are quahtatively assessed m thls sectlon for theu relahve 
mportance to exposure routes leadmg to human uptake 

EXDOSU~ Routes (Mode of U~takd (Sectton 4 6) 

The vaakous routes of plutomum uptake by humans and other organums mipartant to human 

expos& are identified and ranked by relative mportance to the nsk assessment. The nsks 
associaqed wth potentlal pomts of human contact are quahtatlvely assessed based on all identlfied 
expos& pathways. A desmpuon of the behawor of plutomum m biologrcal systems IS mcluded 
in th~s secuon Exposure routes for the current land use condmon are qdtatively assessed m 
thls swoon for the= relatwe mportance to the nsk charactenzahon It is ~ ~ ~ o g n ~ z e d  that the 
ranlang of the exposure routes is hghly dependent upon the contarmnants of concern, and that 
the r w n g s  developed m the quantitative nsk assessment (based on more site-specfic data) may 

vary €torn those presented m thls report. 

I 

0 

Risk Charactenzauon (SeChOn 4 7) 

The elements developed m precedmg sections are combmed mto a site-spec& nsk 

charactenzatlon, whch evaluates the concentration of plutomum m each its hkehhood for 

transport to other medla, and its Itkehhd to mpact a human receptor based on current land use 
conditions The potential exposure pathways are systematically e x m e d ,  and those whch do 
not meet the cntena of a completed exposure pathway based on c m n t  reservo= use condmons 
(usmg exlstmg mformation) are elmmated from the nsk assessment. Agm, the e b a u o n  of 
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pathways from thls quahtahve nsk assessment does not e h a t e  these pathways from bemg 
evaluated dumg the scheduled RFVRI achmaes 

4.3 ToxIcrIY ASSESSMENT 

The purpose of a toxlcity assessment is to weigh avrulable endence regardmg the potenfial for 
parhcular contarmnants to cause adverse effects m exposed mdmduals and to prom&, where 
possible, an esbmate of the rclaaonshp between the extent of exposure to a contarmnant and the 
urmased Uelrhood and/or seventy of adverse effects A tomcity assessment is rather 
smghtforward for n&onuchdes, smce the type of effects and the hkelrhooood of occumnce of 
any one of the number of possible adverse effects from nubahon exposure depends on the 
nuhaon dose The followmg p w & s  a summary of human and expcmental anlmal data that 
estabhshes the hazards of nuhation exposure 

4 3 1  Hazard Identdkaaon 

The foundanon of any nsk assessment is that two condmons must be mt for a nsk to be present: 
1) a hazard (presence of a tomc substance at a concentraaon where exposure can result m a 
tomcologcally sigmficant dose) must be present, and, 2) exposure (of a receptor) to that hazard 
must occur. If either factor is absent, the hazard or the exposure, there is no nsk. In smple 
mathemaacal terms, the nsk is equal to the potency (a measure of the h d )  tunes the effecme 
dose (a measure of the exposure) 

0 

Hazards assocurted wlth chermcals are dcscnbed tomcologmlly 111 terms of exposure mode and 
durahon. Modes of enmnmcntal exposure axe characmzed as mhdahon, mgesbon, and dvact 

contact (dermal absorption) 

In addmon to these exposure categmes, health effects axe &mded mto two mam categmes 
health consequences that may occur at any exposure level greater than zero (carcmogenmty), and 

health effects whch WIU not be ehated unless the consatuent concentrahon is above some 

threshold level (non-carcmogens). For these sites it is assumed that the raonuchde 
concentrahons present wdl pose a p o t e n d  of only a carcmogemc hazard to the pubhc as stated 
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I by EPA, and may be used as the sole basis for assessmg the d a t i o n  related to human health 

0 nsk at Sites 200-202 @PA, 1989). 

Because cmogemc  effects am beheved to be maated at the molecular level, c m n t  regulatory 

pohcy is based on the concept that there is no fh t e  dose or threshold below whch carcmogcns 
do not exert a potenaal effect. In the case of chemcals exhbiMg non-carcmogemc effects, it 
is believed that organisms have protecave mechmsms that must be ovcrcomc befom the toxx 
endpomt is marufcsted. 

I 

In &termmag health rrsks associabed wth chromc exposure to tomc mamals, two categones 
based on the nature of the health consequences emst. For all health effects associated wth 

chromc exposure to non-camnogemc tomc mamals there is some threshold concentranon below 
whch the mpact wdl not occur; however, the= is no threshold concentranon for catcmogemc 
tomc consatuents Matcnals that m carcmogemc may also mduce other health effects whch 
occur at a lower concentranon 

0 In order to evaluate the potential nsks posed by plutomum, it is mpartant to understand the 
toxmty hazards of h n o n  for Mfermt exposure routes Racktion is defined as the transfer 
of energy from one place to another Heat, sound, and hght are radtatlon but do not carry 
enough energy to break the atomc bonds of molecules; however, iommg nubaaon, when 
mteractmg wth matter, has sufficient energy to break the atomc bonds of molecules, and 
produce (emt) an ejected electron and a positwely charged ion Iommg &anon may be rn the 
form of parhcles or elcctromagneac waves 

The pnncipal adverse biologml effects assmated with i o m g  d a t i o n  exposures from 
rachoacave substances in the enwonment are carcmogemcity, mutagemcity, and teratogematy 
Carcmogematy is the alnhty to produce cancer Mutagematy is the property of bemg able to 
mduce genenc mutanon, whch may be m the nucleus of either somatic (body) or germ 
(reproductwe) cells Mutations m germ cells lead to genetlc or mhented defects Teratogemcity 
refers to the abhty of an agent to lnduce or rncrease the lncidence of congemtal malformanons 

as a result of permanent structural or functional dewatlons produced durrng the growth and e 
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developmnt of an embryo (mm commonly referred to as bmh defects) m a n o n  may mduce 

other &lctenous effects at acute doses above about 100 rem, but doses of h s  maptude are not 
ncnmally assouatcd wth radmacnve contammation m the enmnmcnt. 

lo-g d a t i o n  causes mj~ry by bmking molecules mto electrically charged hgments 
(i.e, free dcals ) ,  thereby producmg chermcal rearrangements that may lead to permanent 
cellular damage The dew of biolopcal damage caused by vanous types of radtatlon vanes 
accordmg to how spatially close together the iomzaaons occur. Iontpng d a t i o n  from 

plutomum (e g., alpha particles) produces hgh denslty repons of ionmition. For thu reason, they 
are called hgh-LET (hear energy transfer) particles Other types of radnbon (e g , x-rays, 
gamma rays, and beta partxles) are called low-LET mhations because of the low densty pattern 
of ionmuon they produce. In equal doses, the carmnogematy and mutagewity of hgh-LJ3T 
d m o n s  may be an order of magmtude or mare greater than those of low-LET dations, 
dependmg on the endpomt bemg evaluated. The vanabhty m biologxal effectiveness is 
accounted for by the q a t y  factor used to calculate the dose eqwvalent Tius vanabhty has 
been accounted for m the gentnc nsk assessment developed m Appenduc C. 

4.32 CarClnOP enesip 
An extensive body of hteratm exlsts on &anon carcmogenesis m man and d s .  This 

hterature has been rewewed most recently by the Umtd Nations Scientdk Commmee on the 
Effects of Atomc Rdanon (UNSCEAR) and the National Academy of Saences Adwmy 
Comxuttee on the Biolopcal Effects of Iommg Rachatlons (NAS-BEIR Comxuttcc) (UNSCEAR, 

1977, 1982, 1988, NAS, 1972, 1980, 1988). Eshmates of the average nsk of fatal cancer from 
low-LET rad.laaon from these s t u b s  range from approxunately 0 007 to 0.07 fatal cancers per 
100 rem 

An mcrease m cancer mcldence or m h t y  wth mcreasmg h n o n  dose has been 
demonstrated for many types of cancer m both human populations and laboratory d s  

(UNSCEAR, 1982,1988, NAS, 1980.1988) Studes of humans exposed to m d  or external 

sources of io-g d a t i o n  have shown that the madence of cancer maeases with maeased 
nubation exposure Thls mcreased inadence, however, is usually assoaated wth appreciably 



I greater doses and exposure frequencies than those encountered m the enwonment. Therefm, 
nsk estunates from small doses obmed over long penods of tune 8tc detemed by 

extrapolating the effects observed at lugh, acute doses. Mahgnant tumors 111 vanous organs most 
often appear long after the nubation exposure, usually 10 to 35 years later (NAS, 1980, 1988, 

UNSCEAR, 1982, 1988) Rdonuclide metabohm can result m the selective deposihon of 
certam donuchdes m specdic organs or ussues, whch, m turn, can result m larger mhation 
doses and hgher-than-normal cancer nsk m these organs. 

~ 

Ionmng rachation can be considered pancarcmogemc, i e , it acts as a complete carcmogen m that 
it serves as both mhator and promoter, and it can mduce cancers m nearly any hssue or organ 
Rachahon-mduced cancers m humans have been reported 111 the thyroid, female breast, lung, bone 
marrow (leukern), stomach, her ,  large mtestme, bmn, sahvary glands, bone, esophagus, small 
mtestme, m a r y  bladder, pancreas, rectum, lymphatic ussues, h, pharynx, uterus, ovary, 

mucosa of c m a l  smuses, and ladney (UNSCEAR, 1977,1982,1988, NAS, 1972,1980,1988). 

These data are taken pNnatlly from studes of human populations exposed to hlgh levels of 

raation, mcludmg atomc bomb smvors, underground rmners, a u m  &al pmters, patients 
mjected wth thorotrast or nuburn, and patlents who received hgh x-ray doses dmng vanous 
treatment programs & t q X h h O n  of these data to the much lower doses that the public would 
be exposed to at Sites 200-202 is the major source of uncemty m d e t e m g  low-level 
rachation nsks (see EPA, 1989a) It is assumed that no lower threshold exlsts for dat ion  
carcmogenesis 

On average, appromnately 50 percent of a l l  of the cancers mduced by nubaaon are lethal. The 
fraction of fatal cancers is merent for each type of cancer, rangmg from about 10 percent m the 
case of thyroid cancer to 100 percent m the case of h e r  cancer (NAS, 1980, 1988) Females 

have appmxmately two hmes as many total cancers as fatal cancers following d a a o n  exposure, 

and males have appmxmately 1 5 tunes as many (NAS, 1980) 

Cancer slope factors (CSF) for the lngeShOn and mhalaaon of donuchdes b l y  to be found 
at Sites 200-202 are presented m Table B 1 CSFs are eshmated wth mathematical extrapolation 
models, wluch extrapolate the effects (cancer-induction) seen at hgh doses to p0tent-d effects 
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at low doses. The CSFs for ndonuchdes are considered "best esamates," whde slope factors 
for chemcals arc computed at the 95 percent confidence level Umt nsk esamates for lnhalatlon 
and oral exposure can be calculated by & w b g  the approprrate slope factor by body weight (70 

kg standard) and mulnplymg by the lnhalaaon rate (20 m3/day) or the water consumptlon rate 
(2 Vday), resptctlvely, far nsk assoclaotd wth m t  concentratlon m aw or water @PA, 199Oa). 

Th~s method for detcrmmng nsk wdl be used for any s i w c a n t  exposure to a mbonuchde 

, 0 

4.3.3 Mutanenesia 
Very few quantltanve data arc avadable on ndogemc mutatlons m humans, parhcularly from 
low-dose exposures. Some mutatlons are so d d  they are not notlceable, whde other mutagemc 

effects that do occur are sumlar to nonmutagemc effects and m therefore not necessatrly 
recorded as mutatlons The bulk of data supparang the mutagem character of iomwng d m o n  
comes from extensive studles of expermental 8Nm81s (UNSCEAR, 1977, 1982, 1988; NAS, 

1972, 1980, 1988). These studles have demonstrated all forms of ra&atlon mutagenem, 
mcludrng lethal mutanons, translocatlons, mversions, nondlsjunctlon, and pornt mutanons. 
Mutation rates calculated from these studles axe extrapolated to humans and form the basis far 
estmmng the genetlc lmpact of ionmng radnaon on humans (NAS, 1980, 1988 UNSCEAR, 
1982, 1988) The vast XUJOXI~Y of the demonstrated mutattons m human germ cells contnbute 
to both mcreased m&ty and dlness (NAS, 1980, UNSCEAR, 1982) Moreover, the d a t l o n  
p r o m o n  commmty is generally m agrcemcnt that the probabdq of mducmg genetlc changes 
maeases hearly wth dose and that no "threshold" dose is requued to mate hentable damage 
to germ cells 

0 

The madence of senous genetlc dlsease due to mutanons and chromosome aberranons mduced 
by rdat lon is refemd to as genetlc dement .  Senous geneac dlsease mcludes d e n t e d  dl 
health, hanhcaps, or &sabdmes Genenc dlsease may be -est at blrth or may not become 

evldent untd some tune in adulthood. Rdatlon-mduced genetlc d e m e n t  mcludes unprurment 
of Me, shortened Me span, and mmased hospitahtmn The fhquency of r&anon-mdced 
geneac unpaument is relatwely small m cornpanson with the maptude of detriment associated 
wth spontaneously ansmg genetlc dlseases (UNSCEAR, 1982, 1988) 
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4.3.4 

W o n  is a well-known tcratogemc agent. The developmg fetus is much more scnsinve to 

radiation than the mother. The age of the fetus at the m e  of exposure is the most mponant 

factor m &tMmyung the extent and type of damage from nuhatton The malformaaons produced 

m the embryo depend on whch cells, ossues, or organs m the fetus are most actlvely 
drfferenaating at the tune of h a o n  exposure Embryos arc relanvely rcastant to nubanon- 
induced teratogcmc effects dunng the later stages of the= development and arc most sensinve 
from just after unplantaaon untd the end of organogcneas (about two weeks to eight weeks after 

concepaon) (UNSCEAR, 1986, Bmnt, 1980). The bnun appears to be most sensitwe durrng 
developmnt of the neuroblast (these cells eventually becom the nerve cells). The greatest nsk 

of brrun damage for the human fetus occurs at 8 to 15 weeks, whch is the tune the nervous 
system is undcrgomg the most rapid Mcrennanon. 

~ 

435  summarv 
In general, there arc two &sanct human hazards prtsented by Manon, those of external and 

mternal *anon exposure. External d a a o n  exposure is due d y  to gamma ray emssions 
from &oacove decay. Although plummum does produce x- and gamma rays, they arc very 
weak and only compnsc a small percentage of the total energy emttcd. Therefore, dus nsk 
assessment docs not conadex external rdaaon exposure as a hazard fnnn Sites 200-202 

Plutomum does, however, present an mternal radlmon hazard, pnmarrly from lnhalaaon and 
mgesnon The rnhalaaon of plutomum can lead to the deposinon and rctennon of Moactmty 

m the lung, and produce conanual, localmxi mtcmal &anon of lung and other body nssues 

for extended pen& of tunc. Ingesnon of contammated foodstuffs is another pathway that can 
contnbute to deposinon and retennon of n&onuchdes m the body 

0 

  he followmg summ8flzts the mportant properaes of plutomumm* 

Physical half-Me: 2 44x10' years 
Sources: used m nuclear weapons 
Pnnapal modes and energes of decay m mdhon electron volts (MeV). alpha 5.06 (11%) 
5.13 (17%) 5 15 (73%) 

RFPap200.r 56 Ma591 



Specd chermcal charactensticso member of the acmde senes of m-earth elements 
Farms insoluble fluonde, hydmmdes, and oxlcics oxl&zes rapidly on exposure to au to 
form plutomum dloxlde (Puoz). 

Cntlcal Organs: bone and h e r  

A t o m c n u m k  94 

Meltmg pomt. 680°C 
Physical farm S ~ V W - W ~ I ~ C  =tal 

Plutomum is pnmanly an alpha pmcle  emtter An alpha pamcle is essenWy a hehum nucleus 

wthout orbital electrons. It is composed of two protons and two neutrons wth a charge of plus 
two Smce these alpha pamcles have a relatively large mass and +2 charge, they react strongly 
wth matter, and create a large amount of ionmaon m a very short &stance However, even 

alpha pmcles wlth the hrgh lunetic enermes of plutomum travel only about 1.6 m (4 cm) m cur, 

and can be stopped by a piece of paper, or the outermost layer of dead slnn Alpha particles 

therefore do not present an external exposure hazard. These same properties do however produce 

much morc cellular damage than an equvalent amount of gamma energy, If both alpba and 

gamma m mternally deposited. The range of penetration of a plutomum alpha parhcle m tissue 

is appxmately 100 mcromctcrs (um) (3 m), mdxaang that an alpha parhcle retamed 

m the body wdl deposit 100 percent of its iomzmg radmtion to loched msue The concepts 

developed m thls scctlon desmbe the vmous ways plutomum can enter the body (exposure 

routes), and the relative nsk of each mode of uptake For the purposes of thls quahtative nsk 

assessment as well as the genenc nsk assessment m Appendns C, it IS assumed that the msoluble 

form of plutomum, plutomum &om& (PuQ, wdl be the predomant rdonuchde avarlable for 

biologrcal uptake. Th~s assumption is based on a vanety of stuQes @isenbud, 1987, Bw, 1973, 

Mcclellan, 1972, Romney, 1972) that m&cate plutomum wdl oxdue m an enwonmental setting 

and thus form msoluble compounds. Although only the EPA Health Effects Assessment 

Summary Tables (HEAST) were used for thls quahtative assessment, more sophlsticattd sources 
may be used dunng the quantitatwe nsk assessment. 

db 

4 4  SOURCE TERM 
For purposes of ths nsk assessment, the potential source term for Sites 200-202 is taken as the 
plutomum-contammated reservo~/Iake sedments wthm the three reservom An e x m a t i o n  of 0 
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TABLE 4.1 

ISOTOPIC COMPOSITION OF ROCKY FLATS PLUTONIUM 

Pu-239 93 79 0 0622 - 0 05834 

Pu-240 5 80 0 228 - 0.01322 

Pu-241 0 36 - 103 5 0.37260 
- Pu-242 I 0 03 

- I - Am-241 I ,b I 3 42 I 

Source. Rockwell, 1985b 

' Relatwe actlwty is obwed by muloplymg the percent by weight by the spcafic actiwty. 

Total acictl\nty for the plutomum isotopes is* 

Alpha 0 0732 cuneslgmm 
Alpha plus Beta 0 446 cunedgmm 

Am-241 daughter from decay of Pu-241 
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Agam, an exarmnabon of the data presented ln Appenduc A concludes that the mformatlon 
necessary to perform a ngarous exposure pathway charactemahon was not contamed m any of 

the exlsmg nports. Although answers to the above queshons cannot bc obtarned from the 

exlSMg mformatlon, it is possible to idenafy lrkely site-sptclfic release mechamsms and transport 

medxa based on the gcnenc nsk assessment presented 111 Appenb  C. Characmzahon of all 

potenhal exposme pathways wdl be perfoxmed dunng the RFI/RI achwaes 

e 

4.5.1 Potenhal Exuosure Pathways at Sites 200-202 

Figure 3-1 idenMies all of the vatlous potentlal transport medla whch e m t  at Sites 200-202, 

along wth the= asmated  pnmary and secondary release mechmsms Sechon 30  also 

descnbes plutomum fate and mobhty m the enmnment, and concludes that for condmons at 

Sites 200-202, plutomum is hrghly lnsoluble ln ground water and surface water, and bonds 

strongly to the bottom sedunents. As stated prevlously, a completed exposure pathway must emst 
for a h a z d  to be conveyed to the receptor Judgements based on exlstmg data mdcatc that 

many of the potenaal transport me&a and release mechmsms identlfied thus far do not form a 
completed pathway, and therefore do not pose a nsk to human health. The only d b l e  

completed exposure pathway based on current land use for Sites 200-202 is shown m Figure 4-1 

Although other pathways are addressed 111 h s  report (and wdl be charactenzed m the RFURI) 
they are not considered m the determmaaon of quahtauve risk 

0 

Prunary and secondary release mechmsms for the current land use scenano are grouped wth 

transport medla (Table 4 1) to d e t e m e  ther probabfity of transporhng plutomum u1 the 

enwonment based on the followmg probabhty ranktng 

1 =ah -- hstonc Tecords or physical charactenshcs of Sites 200-202 m&cate that 
plutmum has a hgh probabhty of bemg released by thls mechmsm or transported by 
thls mtdla 

2 Moderate -- a possibhty exlsts that plutomum may be released by h s  m e c h w m  or 
transported by thls medla (=borne, fughve dust, surface runoff). 

3 -- the Irkelhod is that thls release mechmsm or transport h a  does not prowde 
any sigmflcant possibhty of release or transport ~II the envmnment (fugihve dust) 
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4 Neghmble -- all hstonc data and physical charactensacs of plutomum rndtcate that this 
is not a d b l e  release mechamsm or transport pathway for plutomum (ground water, 
surface water, biohc uptake) 

The fol lomg scchons dlscuss some of the release mechmsms and transport medui m more 
&tall 

4.5.1 1 IdcntIfiCahOn of Release Mechmsms 
The potenaal exposure pathways are idenhfied m the pathway analysis as shown m Figure 3-1 

and Table 3 1 The potenhal pnmary release mechamsms rnclude 

Fughve dust (wmd erosion) 
Dvect contact through recreahonal use 
Dlrect fughve dust from sedments 
Wrnd stnppmg of water 
Reservoxr dlscharge 
Drmlang water wthdrawal 
Infiltrahon/percolahon 
Biohc uptake 

The potenaal secondary release mechmsms mclude* 

Settled dust - plants 
Settled dust - sod (leadmg to possible aubome dust) 
Settled dust - water 
Biohc uptake of surface water 
Surface water dcposihon 
Surface water ungahon 
Surface water rnfiltrahon 
Surface water evaporaaodlowermg (leachg to possible rurborne sedments) 
Ground water seepage 
Ground water pumpage 
Dnnlang water 
precipitates from treatment plant 
Showmg/bathmg 

4 5 1 2 IdentIficaaon of Trans~ort M e h  

A physical exmat lon  of Sites 200-202 and an hlstoncal renew of the mods for the site 
mdlcate that the primary transport m d a  for plutomum is the fugave dust release from exposed 

sedments Numerous possible pnmary release mechmsms are hsted above, but it is the fughve 
dust release mechamsm that causes the greatest lmpact on the secondary transport m d a  of au 
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For Sites 200-202, the potenhd secondary transport medta for plutomum mcludes surface water, 
groundwater, treatment plant effluent and precipitates, and biohc uptake. Figures 4-2 and 4-3 

prow& some mbcahon of the populahOnS whch are downwmd of Sites 200-202, and whch 
could potenhally be mpacted by fugmve dust releases The RFI/lU wdl addmu the populanons 
at nsk m &tad 

The followmg dwussion provldes a more detculed descnphon of the vanous transpart m d a  and 

release mechantsms whch are of pnmary mterest. As has been stated, all of the potenual 

exposure pathways wdl be evaluated m the scheduled RFURI achvlhes. 

Sod Reentratnment 

The general pmclples of atmosphenc fate and mobhty of plutomum arc descrrbed m 
sechon 3 2 2 However, a further explanahon of atmosphenc transport parameters is offered m 
thls SeChOn because mhalabon and mgeshon of plutomum parhcles from Teenmed sedunents 
is considemd to be the most probable means of human exposure adjacent to Sites 200-202 The 

pnncipal mode of transport of plutomum parhcles is k t  rurbarne movement from the 

Sites 200-202 exposed sedunents, either by uphft or parhcle Impact, or by resuspension of 
prevlously deposited small parhcles by wmd aChOn or other dmturbances @PA, 199Ob) 

0 

D m t  achon of au movmg past a pamcle may exert enough force to accelerate the parhcle, 

causmg it to roll along the surface or to be Mted up and moved m the a n  stream A second 

mechmsm of mhahng parhcle movement can also be mhated through the mpact of aui>arne 

parhcles wth parhcles on the ground Parhcles on a sohd surface whch have chermcal and 

physical propemes Merent from the base matenal have adhesive contact to the substrate. For 
resuspension to occur wth thu scenano, the force on the parhcle must be equal to or greater than 
the force holdmg the parhcle to the surface Several factors are known to dluence parhcle 

cohesion 
parhclematenal 

shape 
surface roughness 
relahve hurm&ty of the ambient au 
presence of electmstauc charge 
nature and physical charactenshcs of the substrate 

size 
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El Miles Sector Name 

0-1 Sector 1 Number of  persons 
1-2 Sector 2 living in sector 
2-3 Sector 3 
3-4 Sector 4 
4-5 Sector 5 
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The pnmary meteorologml factors whch d u e n c e  the suspension of matenal from ground 

deposits are wmd and ground surface moisture The amount of matenal that can be camed m 
the au currents is dependent on the density, velocity, and vtscosity of the w 

Particles that are dislodged from the ground surface can then move m three ways suspension, 
Saltahon, and surface creep. Suspension occurs when upward wmd W e s  counteract h e  fall, 
allowmg transport of the parhcle at the average forward speed of the wmd. These paracles are 
generally less than 0 1 mllltmeter (mm) 111 &meter and are redeposited ma nunout or gramty 

after the wmd subsides. Parhcles between 0.1 mm and 0 5 mm m &ameter move by a senes of 

short bounces called Saltahon Larger parhcles between 0 5 mm to 2 and 3 mm 111 &meter can 
roll and/or shde along the surface 111 what is called surface creep Pmcle movement 

predomrnantly occurs by saltahon. 

For purposes of tlus quahave  assessment, it is assumed that any free plutomum m the rcservon 

sedments has been subject to weathenng and a p g .  previous RFP stuches (Krey and Hardy, 
1970, Whcker et al ,1974) and general textbooks (Wick, 1967) support thls statement concernmg 

the weathemg of plutomum m the enmnment Addmond stu&es are needed as part of the 
scheduled RFuRI aCtIvlheS to verrfy thls assumption. Among the parameten whch most 

mfluence the movement of sod by wmd are the space and tlme vanaaon of the SedUneIyt particle 
size dumbuaon Considemg the lack of data on plummum dlsmbuaon m the reservos 

sedments, a conservahve aSSUmptI0n for both the qUahtahVe and genenc nsk assessment is that 

all auborne plutomum generated by exposed sedments is of a respmble parhcle size 

The area of hghest concentrahon of plutomum 111 Great Western Reservow and Standley Lake 
appears to be m the deep water areas where the greatest sedmentaaon rate has occurred. The 

areas of rrrrmmum plutomum concentraaons seems to be the shallow water and shorehe areas 

These shallow water and s h m h e  areas have the greatest potentid to dry up and allow for 

potenhd reentmnment of sedments mto the atmosphere There is httle doubt that fupave dust 
is generated from the shorehe sedments at these reservous However, smce the plutomum 

concentrahons 111 these areas are generally at or below CDH pdance  concentrahons for surface 
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sods, its nsk ma the mhalaaon pathway is judged to be mmmal Based on the lnformatlon 
presented rn this document, the followmg statements can be made. 

1. The locahon of hghest plutomum concentraaons tend to be m the deepest part of the 
reservcnrs Thrs conclusion may or may not be true for Mower R C S ~ ~ ~ O K  

2 The l0CahOn of the lowest plutomum COnCentratlOIls tend to be dong the shorehe and 
shallow water areas of the reservom These areas are the most b l y  to be subject to 
drymg and reentrarnment of sedunents mto the a n  

3 Sedment samplmg results m&cate that a dlscrete c o n m a t 1 o n  layer exTsts at both 
Great Western Reservou and Standley Lake, but has been b u n d  by subsequent 
sedunentaaon samphg results m&cated however, that them is plutomum located at 
the surface of the sedunent. 

4 The plutomum is strongly bound to the sedments and wdl not easlly resolubhe. 

5. It is possible that the reservon levels may drop, exposmg the deeper plutomum- 
contamng sedments to drymg, however, m general, this exposed beach area would 
produce a crusty, platehke surface whch would reqm pulvenzaaon for the seduncnts 
to become aubome It is plausible that vehcular traffic could produce th~s 
pulvenzaaon If RSWOK levels ~em8u1 low, long-term wcathcnng could also 
eventually prom& means far rcentrarnment. 

B sed on the c m n t  use of the reservous, the low concentraaons of plutomum 111 the sedrmcnts, 

and its general lack of mobhty m the enmnment, it is judged that the no-acaon altemaave for 
the sedunent-mhalatlon exposure pathway presents a low nsk to the publtc 

Plutomum UDtake m the Food Cham 
As descnbed m SeChOn 3 0, plutomum forms relahvely msoluble compounds m the enmnment 

and is therefore not generally considered ecologically moblle asenbud, 1987) Srnce plutomum 

has no known biologrcal funcaon, it can only be passively mcorporated mto orgmsms, marnly 

by physical processes such as surface contact, mhdahon, and mgesbon of plutomum adsorbed 

to the surfaces of plants and zooplankton The genenc m k  assessment rn Appenb  C does take 

into account food cham transfer and fobax deposiaon of plutomum leadmg to human uptake The 

Standley Lake fish study (Appenduc D, Document D-1 1) m&cated that no bioconcentrahon and 

bioaccumulahon is occumng m fish species at the reservou. 
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Ground Water and Surface Water 
With regard to water quahty, the need for potenhal site r e d a h o n  should be based largely on 

the eVduatlOn of c m n t  and potenhd nsks to the pubhc who may use the surface or 
underground aqufer as a source of dndang water A key evduahon cntcnon m selecmg 
remda l  measures at Sites 200-202 should be the extent to whch dtemahves mhgate off-site 
exposure wa the ground water/surface water pathway If m fact exposure is occumng All data 

renewed to this pomt m&cates that the ground water/surface water mtcrachons m and around 

all three reservom should not result m any detectable amount of plutomum m ground water. 

Th~s statement is based on hstonc data from numerous RFP on-site wells whch are located III 
areas of documented c o n m a t e d  pond leakage With one excephon, m no case has there been 

detectable COnCentrahOnS of plutomum m ground water If no lmpact IS seen m this worst-case 
SitUahOn it is highly d e l y  that the reservou sedment mterachons will mpact ground water 
This judgment wdl not be used to elmmate potentml exposun pathway from evaluahon d m g  

the scheduled RFVRI achnhes 

The surface water quahty momtonng results mdcate that plutomum concentrahons are far below 

regulatory l m t s  for the reservous (sechon 20) It is mportant to note that these measured 
CO~CentrahOnS are just above the analyhcal detechOn h u t ,  and well below the EPA or CDH nsk- 

based hmts for dmkmg water In the absence of site-spec~c data (whch wdl be collected 
d u g  the RFVRI), only a relahve measure of hypothehcal nsk may be ducussed for the ground 

water/surface water exposure pathway Based on the Informahon presented m th~s document, the 

followmg conclusions can be drawn 

1 The sedments m all three reservous contnbute httle or no plutomum to the ground 
water/surface water 

2 All sampllng data from the reservom m&cate that no bioaccumulahon of plutomum is 
occumng m water plants, phytoplankton or fish 

3 Plutomum rapidly and almost mversibly attaches itself to clay sedments, and there is 
no ewdence of pOSt-depOSihOn~ mIphOn of plutomum through the scchmcnt. Thls 
leads the conclusion that plutomum is not readdy avadable far remuung m the water, 
even under lake turnover condmons 

4 All surface water quahty m o m t m g  data for plutomum m and around the three 
reservous are well below CDH and EPA regulatory standards 
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5 Most mportantly for evaluating receptor nsk, tap water samples were taken from the 
cornmumties that ut&z,e the reservom as a source of dnnlang water The results of h s  
momtonag m&cate conccnaations of plutomum m dnnlang water that arc just above 
or below the analpcal demon  h u t ,  and well below CDH and EPA regulatory 
Standards. 

Based on these con&nons, it is detemed that the no-action alternatm for the ground 
water/surfacc water pathway at reservom presents a neghgrble hazard to the pubhc 

4 6 EXPOSURE ROUTES FOR CURRE NT AND FUTURE LAND USE CONDITIONS 
The three exposure routes (routes of entry) whch can lead to mtemal h n o n  exposure B F ~  

mhalanon, mgesnon, and dermal contact. The two pnmary exposure routes of plutomum uptake 

that could most llkely lead to mtemal d a n o n  exposure are the mhalanon and mgesnon of 

radIoachve matenals. Dermal contact IS not considered a sigdicant exposure route (Secnon 4.3). 

The estmanon of organ burden and exposure, as well as of the resulting dose rates and doses, 

due to uptake by these pathways is based on the use of mathematical models whch depend on 
many parameters Internaaonal Comrmssion on W a n o n  htecnon (ICRP) publications ICRP 
30 (ICRP, 1988a), ICRP 31 (ICRP, 1980), and ICRP 48 (ICRP, 1988b) prow& the cntena 
necessary to calculate the comm~tted effecnve dose equvalent for both occupanonal workers and 

the general pubhc Thls secnon d show that the maptude of the dermal contacVmgestlon 

pathway is msipficant when compared to inhalanon 

0 

4 6 1  Inhalanon 

The mhalanon of an aerosol carrying donuchdes is a potennal mechmsm for damage to the 

respmtory tract as well as a possible pathway for the translocation of mhaled d o m v e  matenal 

to other refmncc organs The complexlty of the biolopcal phenomena whch govern 

transmssion and e h a o o n  of such matenal comphcates the assessment of potcnual health 
effects due to mhalanon of radloactive mater~al Factors whch must be mcluded am 

1 The fractional deposinon of mhaled matenal m the respuatory tract depends on 
properhes of the aerosol size and mass &stnbution, chemcal form, and charge, as well 
as on the breathmg rate and such physiologcal charactemtics of the lung as its surface 
propemes and configuraaon For the purposes of h s  quahtative nsk assessment, it is 
assumed that 100 percent of the plutomum m dust is avadable for uptake 
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2 The durahon and extent of the exposure depends on the biologcal and physical 
mechamsms whch transport the deposited matcnal and its decay products withm the 
body. These mclude the vmous clearance paths, the nuchde half-hves, the chemcal 
form, the solubhty, and the degree of retenhon m each organ of mterest. 

3 The dose depends on the duranon, of the aChvlty of both parent and daughter 
nuhonuchdes m the organ, the organ mass, the ermtted energy of each nuchdc, and the 
frachOn of that energy absorbed by the organ hSSUeS 

The lnhalauon mode of exposure has long been recognmd as bemg of XZU~JOT unportance for 

rdoactive matenals The model used m Appenh C to calculate a gencnc plutomum nsk 

assessment for current use mcbcates that for conservahve asSUmphOnS, the contnbuhon of the 

mhalauon pathway compnses 97 percent of the total nsk. Th~s route prowdes a dvect pathway 

for alpha parhcles to enter the SenSihVe organ whch is the lung. The lung is the organ of 

ptrmary concern when assesslng the nsks from plutomum m sod (EPA, 199ob). 

When mhaled, plutomum is rewed m the lung wth an effechve half-We that vmes fram 
hundreds of days for plutomum ox1des (Y class) to tens of days for more soluble forms (W 

class) A sigruficant p m o n  of the msoluble plutomum om& that leaves the lung is translocated 

to the tracheobronchal lymph nodes. Inhaled soluble plutomum is translocated to the hver and 

skeleton where it is very strongly rewed (Bau, 1973) This is m contrast to the mgesuon 

pathway, where the gut wall acts as a bamer to plutomum absorbed by blood. 

Inhalation is the most common pathway by whch plutomum can cross the b m m  of the body 
and penetrate mto and across hvmg cells The aerodynaxmc parhcle sue of the mso l ,  whch 

accounts for not only the slzes of the particles but also thev density and shape, detcrmures the 

fracuonal deposlhon and sites of depoSihOn m the respiratory tract The bioavarlabhty of 
plutomum adsodmi to parhcles often depends on tlus aerodynarmc pmcle  size Pmcles wth 

a cbameter &reater than 5 m m n s  usually become mbedded m the mucous of the pharynx, 

trachea, or bronch. The mucous is swept up the respiratory tract and swallowed. Therefore, the 

residence m e  of mhaled plutomum m the nasopharyngeal and trachm-bronchal regons is short. 

The absorphon efficiency of these large parhcles depends on the gasmmteshnal absorpaon 

effiaency, whch is extremely low for plutomum (Secaon 4 6 2). Consequently, lnhaled particles 
that are subsequently mgested reduce the magmtude of the mhdahon pathway The subsequent 
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rates and routes of clearance, the translocaaon to, deposiaon m, and rate of clearance from other 

tissues; and the excretion m m e  and feces of plutomum depend on pmcle  size, solubhty, 

density, shape and other physicochemcal charactenstics of the plutomum aerosol The d a h o n  
dose dehvend from an mhaled nubonuchde is a funcaon of the transpurtabhty of the pmcular 
chemcal form from the lung to other organs of the body Chemcal farms of mhonuclrdes arc 

classfied as Class D, W, or Y from most transportable to least transportable, respectively The 
ICRP has determmed the solublllty class for vanous plutomum compounds (ICRP, 1988a) These 

are. 

Class D (days) - no plutomum compounds 
Class W (weeks) - all plutomum compounds except omdes 
Class Y (years) - omdes (PuOJ 

Enwonmental sources and auborne releases of plutomum are lrkely to be m the omde form 

@PA, 199Ob) Class Y plutomum refers to the solubhty and body retenhon of the d o n u c b  

Thls class IS msoluble m the body and, d breathed m, tends to be retamed m the lungs for 

months to years As stated prewously, PuO, is considered to be msoluble m the body, and thus 

1s classlfied as Class Y plutomum. 

462  hgesaon 

The mgestion of rdoactive matenal (sod, water) represents another pathway by whch 

rdoactiwty may be transferred mtemally to blood and, subsequently, to other organs W e  
a desmption of th~s pathway is smpler than for mhdatIOn, due to the h c t  deposition of the 

mgested mamal mto the GI tract, evaluaaon of the balance of the biologcal-physical processes 
mvolved is affected by the samc uncermnhes of biological paramem as were discussed for the 

mhalation model In the mgesfion model the cnacal transfer mechmsm is the absorpaon of 

rdoachve m a t e d  mto the systemc blood from the small mtestme, however, the gastromtesand 

tract promdes a substantd bamer to the uptake of plutomum mgested wth food or water. In 
adult anmals less than 0 01 percent of mgested plutomum is absorbed from the mtestmes (ICRP, 

1988b) Inhaled plutomum wdl also be cleared from the lungs to the gastromtestmal tract, so 

gastromtestmal absorption is a consideration, Values for the fraction, fi (GI absorption factor), 
of mgested md~oactimty transferred to blood have been stuhed m ammils and to a Wted extent, 
are sall subject to large uncermnnes whch strongly affect projected doses to the reference 
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mtemal organ. The ICRP hsts an fi vdue of 1 ~ 1 0 ~  for oxlcies of plutomum, an fl value of 1x104 

for mtratcs of plutomum, and an f, value of lxlO3 for all other forms of plummum (ICRP, 
1988a). Thu d c a t e s  that the mgested plutomum wdl not easlly transfer to other body 

COmpUtUXXltS. 

For the genenc nsk assessment (Appendut C), the mgestlon pathway becomes mm mgmficant, 

and m fact may contnbute the greatest percentage of risk. Thls contnbuhon is due to utihng 

reasonable maxmum exposun scenanos c o n m g  resuspension of plutomum mto the dnnkmg 

water supply. 

4.6.3 Dennal Contact 

Plutomum-239 and plutomum-240 are alpha emtters and hence only present a biologmil hazard 

rf they axe transferred mto a biolopcal system, however, dermal absorptlon is not a major route 
of exposure @PA, 199Ob). The dermal contact human transfer pathway for plutomum would 

mvolve Shn contamumon and subsequent transfer mto the body through an open wound or by 
mgcstlon. Unbroken slan has been shown to be an effecave b m e r  to the penetratlon of 

plutomum, and dermal absorphon coefficients ated m the htcraturc are on the d r  of 5x10' 

(NRC, 1988). It is hghly unldcely that soluble plutomum is present m exposed h n t s  at 

Sites 200.202 m concentratlons that would lead to transfer through an open wound by slun 

contannnatlon Smce the GI absorptlon factor is l.OxlO-* for class Y (msoluble) plutomum, 

human bio-uptake of plutomum sods by the dermal contact pathway and subsequent GI 
absorphon is not plausible 

4.7 RISK CHARACIERIZA "ION 

Thls quahtahve nsk assessmnt is a systemauc idenacatlon of potenaal hazards of events that 

could result m undemble consequences, and is mherently basically subjectlve The mam 
&sadvantage of thu quahtahve approach is that it is drfficult to make sptclfic numcncal 
compansons among the nsb of Merent events or scenanos. However, as shown m Table 4 1, 

hazards can stdl be grouped by relatlve mportance to the nsk assessment (1 e ,  cntlcal, marw) 
and bked by magmtude of quahtatlve nsk (i.e., hgh, moderate, low, neagble). Pathways and 

release mechmsms that are classified as h a m g  cntlcal mportance to the nsk assessment would 
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' 
have a hgh p b a b h t y  of mpacting a human receptor Those that have a margmal mportance 
have a very low probabhty of unpacting a human receptor These pupmgs, coupled wth the 

nsk evalwon presented m Appendut C, also can be used to mdtcate that there IS not any 
-ent thrtat to human h d t h  from Sites 200-202. 

4.7.1 Rsk Charactermoon Rocesg, 

The nsk charactenzatlon presented h m  evaluates the relatrve occurrence of plutouum m each 

medm, its Uelihood for transport to other &a, and its h k e h h d  to unpact a human receptor 
The concepts developed m p n c t l n g  semons are utdmxi to detununc the magmtudc of nsk 

(usmg exlstmg mfommon) based on the followmg ranlang. 

1. f i o h  -- A sigmficant potenttal hazard to human health emts based on hstoncal data, 
physical charactensttcs and/or present condmons 

2 Moderate -- m u m  d b l e  assumphons of release mcchamsms and exposun 
pathways, it 1s possible that plutouum wdl be measured at the receptor point. 

3. -- It is hghly unhkely that a hazard to human health ensts, u m g  m~x1p3um 
d b l e  assumptrons of release mechmsms and exposue pathways comhed wth 
hstoncal data, the physical charactensttcs of plutomum transport and present condmons 

4 Nedmble - The release mechmsms and completed exposure pathways m essenhdy 
non-emstant, therefare there IS no nsk to human health 

4 7.2 Phvsical Model 

h w d m g  a reasonable estlmatt of mtcrnal radmtron doses due to mhalaoon and mgestton 

r e q m s  that a consistent model for both the respvatory and gastromtesmal tracts be employed. 

W e  a large amount of the~reacal and expenmental work on such models has been done, the 

most wldely accepted models that pro& reasonable estlmatcs of internal radiatton doses have 

been those developed by member8 of the respectrve ICRP worlang groups. 

The proposed ICRP Task Group on Lung Dynarmcs (TGLD) model far the respmtmy tract has 
been well documented. Parameters suggested for use m the model have been extensively 
rewewed and, to some extent, mproved m ICRP pubhcations (ICRP, 1988b, ICRP, 1980) The 

ICRP E L D  proposed model compnses three major respratmy compartments. the 

nasopharyngeal, the tracheobronchal, and the pulmonary Each of these majar compartments is @ 
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&videxi mto subcompartments correspondmg to vanous transfer mechmsms, whch arc treated 
as essentdy mdcpcndent processes. In adchaon, the assocmted lymph nodes m appended to 

the pulmonary compartment m one of the transfer chams. Dmct depostaon through lnhalaaon 
occurs to the three maw comp(ilzmtIlts, wth the fracaonal deposiaon m each bemg a funcaon 
of the aerosol properaes Subsequent transfer andor clearance is governed by parameters 
specdied for each subcompartment. 

@ 

For the calculaaon of sodhvater mgesaon, the ICRP gasmmtestmal tract model can also be used 
to &termme mtemal exposure. The model compnses a four-compartment tract conslstmg of the 
stomach, small mtestme, and lower and upper large mtestme. 

4.7.3 ksk From All Modes o f Ex~osure 
The chemcal farms of plutoxuum found m the off-site sedments at Sites 200-202 am hghly 
msoluble both m the enmnment and m the human body. Based on a review of exposure 
pathways and routes it appears that for the cumnt use scenano, the potenaal for human up& 
is neglqyble and poses a very low potenaal nsk pathway m the qualrtatlve model Developmg 
these concepts m tabular farm, biologxal uptake mechamsms from all Elease pathways can be 

ranked from the most hkely to the least U l y  for the c m n t  and future land use scenano. 
a 

Inhalation 
I)lrect mgesaon of sods 
Inhalaaon then mgestlon 
Ingestlon of dnnkmg water 
Bioaccumulauon 
Dermalcontact. 

The last two mutes am considered neghpble from a nsk standpomt based on c m n t  data. 

Appendur C u t h c s  reasonable xnaxmum exposure assumptions to look at p o t e n d  nsk v18 the 
pathways hsted above. 

A quahtatlve companson of pathway sptclfic nsk 1s prowled by the EPA @PA, 199Ob). The 
EPA has developed the followmg m d a - s p e d c  concentraaon-based u t  m k  factors for age- 
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averaged U e m e  excess total cancer per u t  dady 111take (exposure for 70 years) of Class Y 
Pl~tontum-239: 

Y AII 

1 pWm3 
A 2.6 x lW2 

~~ ____ 

~~ II Ruk per Umt Concentmaon' 
Drdang Water sod Ggeshon 

1 P W  1 P W  
16x106  8.4 x 10' 

' The ha-specrfic nsks arc based on standard man (155 pounds [70 k~logramsl) mtake rates 
of 

706 ft3/day (20 m3/day) m ~ e d  a.n 
0.6 gauday (2 2 Vday) mgested hqud 
2 . 2 ~ 1 0 ~  Ibs/day (0.1 g/day) mgested sod. 

These values assume that all dady mdta exposure is denvcd from contammated a~borne fugitive 

dust (706 fl'), surface water/surface runoff (06 gal water), and sod (2.2xlW lbs) and that 
exposure occurs conmuously far a 70-year Meme In other words, per u t  concentranon in 

each meti14 the uNt nsk is far gmater from lnhalimon of dust 111 au than the other two 
exposures, however, it should be kept 111 mmd that uNt concentraaons 111 these h a  are not 
comparable 111 terms of hkchhood of occurrence In fact, the genetrc nsk assessment developed 

111 Appendm C mdtcates that for the future use ESidenhd scenano, the mgesaon pathway would 
contnbute the sigdcant percentage of total nsk. InhdahOxI has been calculated to be the 
ptvnary nsk far the no achon altematwes for current land use 

These u t  nsk factors use the same basic approach as other models (DOE, ICRP); however, the 
EPA uses the model to dcnve nsk foom each type of medla. These nsk factors rcrnfarct the 
premse that InhalAhon of plutomum @Cdm3) has a much greater nsk factor than from mgesaon 
of water @c31) or sedments (sod) (rPCdg) Under current reservm use, the 8u pathway from 
Sites 200-202 produces a neghgble nsk to the pubhc, theref- it can be lnfemd that other 
pathways must also produce a negllgible nsk. 

"us  conclusion wdl be vahdated M refuted by CdCdahOn of a true site-specific quanntaave nsk 

assessment dunng the RFURI 

RFPapr200 r 75 041091 



4 8 APPLICATION OF RISK ASSESSMENT TO EACH RESERVOIR 

In the prtvlous secnons, the rcservoxcs have been mated as one mt because of the sdan tux  
of sources and pathways. The final cntena, that of exposure pornt, is somewhat dlsslrmlar far 
the three rescrvcnrs. The followmg secnons chscuss the source term, exposure pathways, uptake 
mechmsms, and exposure pomt for each reservoxc separately. W e  vanous exposure pathways 
are dmounted as part of the quahtanve assessment of whlch pathways are most significant (based 

on current data and judgement), all of the exposure pathways wdl be evaluated dunng the 

scheduled RFVRI acnmnes 

4.8 1 Great Western Reservou 

Unul recently, Walnut Creek emptled mto Great Western Resewon, whxh is the drrnlang water 

some for the City of Broomfield. At full capacity, thls reservon is a maxmum of 62 ft (19 m) 
deep and covers 7.2~106 f f  (668,000 m2) wth a volume of 1 2x108 ft3 (3,430,000 m3) Except 

dunng penods of heavy ram and runoff the reservon is not fillcd to capaaty. More typically, 

the reservo= is mmtamed at about 43 ft (13 m) depth covemg an area of 3 2xlob f? (294,500 

m2) wth a volume of 4 1x10’ f? (1,162,000 m3) 

Pubhc access is resmcted at the reservo=, and no recreational use of it is allowed. Htstoncal 

data mhcates that the major source of plutomum present m the reservoxc is from waste llqud 

dscharges h m  holdmg ponds that were transported by tnbutanes of Walnut Creek Thls 
pathway has been elmmated It is unclear If some fracnon of the plutomum present m the 

reservoxc sedments is from the axborne pathway produced by the 903 Pad b m l  storage am.  

However, thu pathway too has been effectively elmmated by mstltunonal controls (constructlon 

of an asphalt pad). 

4 8 1 1 Surface Waterflap Water/Ground Water 

All of the reservou, domestic water, and background results are essentlally the same wthm the 
huts of analyacal and samphng vanauons The results lndtcate that the scduncnt m the 

reservoxc is effectlvely mmobdmng the plutomum and prevenang its movement mto the 

mumcipal dnnlang water The remox water passes through a filter plant prrar to domesnc 

consumptlon, further reducmg the hkehhood that suspended silt contamng plutomm could reach 
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a receptor through the drrnlang water pathway. An extensive ground water momtanng system 

on and mund the RFP has been developed. The well locations on-site we= selected to mtercept 
ground water 111 areas where potennal contammanon mght be expected. Well locanons a n  near 
holdmg, evaporation ponds, and cfeck beds. Momtonng wells m the buffer zone along the 

eastern boundary of the RFP have been sampled, and rn no case have plutomum levels above 
background been detected 111 any of the wells Although data m not avdable concemg 

plutomum transport from Great Westen? Reservor surface water/sedunents to ground water, it 
can be rnferred that ths pathway is not plausible. This suggests that soll/scd,uncnt is a good 

mtdllllll far removmg plutomum from an aqueous h a .  Therefore, smce surface water, ground 
water, and tap water am not release mechamsms for plutomum transport m the environment, the 

followmg pathways can be d~scounted m ths quahtattve nsk assessment: 

Su@ce Water + Tap Water 
Sw$iace Water + Ground Water 
Surfiace Water + Biotic Up* 

Sutfiace Water + Deposhn 
Sutface Water + Irrigation 

Sutfiace Water + InpUrrrtion 
S & c e  Water + Fugitive dust wind eroswn 

Ground Water + Seepge 
Ground Water + Pumpage 

4 8.1.2 Restrvov Sedments 

S-nt samplmg has been performed at b a t  Western Rescrvor on a number of occasions. 

In an EPA study from 1973, peak plutomum sedment concentranons w m  detected at 4 5 pWg, 
wth an average of 14 pCJg m the upper 2 m (5 cm) A Battelle study from 1974 detected 
plutomum values rangmg from 0 01-8 2 pWg Rockwell Internattonal conducted a sedunent 

study dutlng 1983-84 usmg two M e E n t  analyses In thu case, peak concentranons were 6 1 

pCJg plutomum m the scdment. The hqhest concentrahons of plutomum were found near the 

d e t  of the ~csc~olt and along the dam where the greatest sedunentahon rate has also been 

found. This h e n t a n o n  rate has effectively b u e d  the gxeatest concentranon of plutomum m 
a layer approxmately 12-15 m (30-38 cm) below the top of the sedment. Although at some 

pomt the re servo^ d be emphed for repsur, the quahtattve nsk of that scenmo is not 

specifically addressed m thls document. Smce it is possible that under normal condltlons the 0 
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reservow level could drop and expose potenhally contammated shallow water sedments for 

subsequent fugrhve dust m d  erosion, thls pathway wdl rerum m the quahtahve nsk assessment 

4 8 1.3 SDdlwav Sedulle nts 
The spdlway sedrmtnt pathway has been exammcd, and the xesults mdtcate that scdments 
accumulatmg wthm the splllway w m  well below the 0 9 pWg (0 03 Bdg) acavlty s m t m g  

level for sods adopted by CDH Dunng pen& when the nstrvou is not at max~um capmty, 

the sedunent m the spdlway is not submerged. The location of greatest depth of sedunent is near 

the stop logs of the entrance and sedunent accumulahon is at mmmum at the southeast end of 

the spdlway. Although it is possible that these sedunents could be the source of fugrhve dust, 

it is not a release mechanlsm for plutomum transport m the environment. Therefore the 

LakelReservoir Sediments 4 Reservoir Discharge + Swfiace Water 4 Fugidve Dust 

pathway can be Qscounted m thls quahtahve nsk assessment 

4 8 1 4  & 
No crehble scenano ensts that could produce an exposure pathway from wmd stnppmg of the 

surface water. As stated prewously, although b e d  reservow sedments present a possible 
fughve dust pathway from wmd erosion, the source term (plutomum exposed sedunents) is not 

present under current CondIhonS Therefore, the followmg pathway can be Qscounted m thls 
quahtahve nsk assessment. 

Wind Stripping of Water + Air 

4 8 2 Standlev Lake 

Standley Lake is a large body of water 43,000 acre-ft (5,300 hectare-meter) u1 volume located 
approximately 2 rm (3.2 km) southeast of RFP’s eastern boundary. The rcservm is used as a 

part of the mmcipal water supply for the aoes of Westmmster, Northglenn and Thornton, 

supportmg approxmately 185,000 persons In addIhon, the reservou serves as a reCreahOn area 

Boatmg, fishmg, swlmrmng, hdung and b h n g  occur m and around the reservow 
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Standley Lake receives approxmately 96 percent of its water from Clear Creek wa an vngatlon 

&tch, a water source that has no hlstory of plutomum transport Woman Creek, an ephemeral 
stream whch also feeds Standley Lake, has been a pathway by whch plutomum could rmgrate 
to the Lake Hrstancal data mdlcates that another b l y  pathway exlsts from sod erosion wthm 
the Woman Creek watershed and wmdblown plutomum contarmnahon from the 903 Pad m a  
Thls pathway has been effechvely e h a t c d  by mshtuhonal controls (construchon of an asphalt 

pad) However, the surface water-sod erosion pathway may conceivably stdl emst. Studles of 
Standley Lake sedments m&cate that contarmnahon is not ongomg, suggesung that the source 

of plutomum from the Woman Creek watershed was the 903 Pad. 

4 8 2 1 Surface Water/TaD Watedhund  Water 

All of the reservou, domeshc water, and background results are essenhdy the same wthm the 
hmts of analyhcal and samphng vanations The results mdlcate that the sedunent m the 
reservow is effechvely holdmg the plutomum and pventmg its movement mto the mmapal 

dmkmg water. The reservou water passes through a filter plant pnor to domestlc CO~SUmphCm, 

further reduclng the hkehhood that suspended sdt contaming plutomum could reach a receptor 
through the dmkmg water pathway Extensive ground water momtcmng wells on and around 

the plant site have been developed. The well locahons on-site we= selected to mtercept ground 

water m mas where potential contammation mght be expected. Well locations am near holdmg 
ponds, eVapOrahOn ponds, and creek beds Background wells m the buffer zone s m u n b g  the 

RFP have also been developed, and m no case has plutomum levels above background been 

detected m any of the wells Thls suggests solVsedtment is a good medlum for nmovmg 
plutomum from an aqueous m d a .  Although data m not avadable concernmg plutomum 

transport from Standley Lake surface water/sedunents to ground water, it can be lnferrtd that a s  

pathway is not plausible. Thcrcfm, m c c  surface water, ground water, and tap water are not 
release mechanlam.9 for plutomum transport m the enmnment, the fo l lowg pathways can be 

dlscounted m thls qU&tahVe nsk assessment 

Surface Water + Tap Water 
Surfme Water + Ground Water 
Sugace Water -+ Biotic Uptake 

Surfme Water + DeposWn 
Surface Wakr + Irrigation 

Su@ace Water + Infllttation 
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Surface Watsr + Fugitive dust wind emdon 
Ground Wakr + Seepage 
Ground Water + Pumpage 

4 8 2 2 Lake Sedments 

Plutomum concentrahons m Standley Lake sedments are much lower than those found at Great 

Western Reservou However, h s  conclusion is based on h t e d  samplmg data from numerous 
stu&es This source of release to the enmnment wdl mnam as a potenad pathway 111 the 

quahatwe nsk assessment smce it is possible that lake levels wdl decrease, exposmg sedments 

potenhally c o n w n g  plutomum. These sedunents could then create fugave dust through wmd 
erosion 

4 8.2 3 & 
No credlble scenano eusts that could produce an exposure pathway from wmd stnppmg of the 

surface water As stated prewously, although dried resewon sedments p s e n t  a possible 

fugtive dust pathway from wmd erosion, the source term (plutomum exposed sedments) is not 

present under current con&hons Therefore, the follomg pathway can be dlscounted m thls 
quahatwe nsk assessment. 

Wind Strippang of Water + Air 

4 8 2 4  Biota 

Smce Standley Lake is used as a recreahond resource for fishmg, the CDH analyzed d b l e  fish 

hssue collected from the lake for the presence of plutomurn (Appendw D, Document D-11). 
Bottom feeders, md-level and surface predator fish were captured, and m all cases, plutomum 

concentraaons m a l l  species of fish hssue sampled were at or below the lower h u t  of dettcaon 

for th~s analysu. Slnce fish represent the hghest level of orgmsms wthn the food cham for 

Standley Lake (excludmg blrd eaMg fish and fisherman), the non-detechon of plutomm is 
m&catwe that bioconcentrahon is not o c c m g  as one moves up the food cham 
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4 8 3 Mower re servo^ 

Very httle documentaaon exlsts for Mower Reservou, but it is used for agricultural purposes and 
has resacted pubk  access. An EPA study was performed dumg the 19709, but further data 
collecaon is q u i d  No recmmonal use of the fcservou is known to emst. Because it IS fed 

by Woman Creek, ths nservm may also have been af‘fected by the surface water contarmnants 
beheved to have contnbuted to plutomum levels m Standley Lake seduntnts (Section 22). 

Plutomum transported from Site 199 may mpact thls rescrvou However, smce c m n t  
plutomum levels are so low at Site 199, it is felt that any future q a c t  wdl be neghpble from 
the pathway. It has been speculated that concentraaons of &onuchdcs m Mower R~SCZVOK 

sedunents should not exceed levels measured m Great Western Rcservm and Standley Lake, 

Therefore, the s a m  descnpaon of possible pathways and thew exclusion from the nsk model wdl 

be restated here. 

4 8 3 1 Surface WaterlI’aD WaterEro und Water 
All of the reservou, domesac water, and backpund results are essentuilly the same wtbm the 

b t s  of analyt~cal and samphg vanaaons The results mdIcate that the sedunent m the 

reservou is effectively h o b g  the plutomum and preventmg its movement mto the m u a p a l  
dnnlang water The ESUVOK water passes through a Nter plant pnor to domesac consumption, 
further reducmg the IIkehhood that suspended sdt contammg plutomum could reach a receptor 
through the drvllang water pathway. Extensive ground water momtonng wells on and mund  
the plant site have been developed. The well locaaons on-site were selected to mtercept ground 
water m areas where potenaal contarmnaaon mght be expected. Well lacatlons are near holdmg, 
evaporahon ponds, and CrttL beds. Background wells rn the buffer zone surrounding the RFP 
have also been developed, and m no case has plutomum levels above background been detected 

m any of the wells. Thts suggests sod/sedment is a good d u m  for removmg plutomum from 

an aqueous m&a Therefore, smce surface water, ground water, and tap water am not release 
mtchantsms for plutomum transport m the enwonmnt, the follomg pathways can be 
discounted m h s  quahtatwe nsk assessmenv 

Suflbce Water + Tap Water 
Suflace Water + Ground Water 
Sutfkce Water + Biotic UptaRG 

Surfrrce Water + Deposition 
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Suqfiace Water + Irdgatlon 
Su@ce Watet + I n j U d o n  

Surfiie W a r  + Fugitive dust wind emsion 
Ground Water + Seepage 
Ground Water + Pumpge 

4.8.3.2 Rescrvo lr S&me ntg 

Lmted lnfonnaaon is avadable conctrtllng plutomum concenmhons m the stdimcnts. The 
COnCentratLOnS of donuchdes m these sedments is not expected to e x d  those found m Oreat 

Westcrn Reservm or Standley Lake. However, h s  some nlease wdl r e m  as a potenhal 
pathway m the qdtatwe nsk assessment smce it is possible that resewor levels wdl decrease, 
exposmg seduncnts potenhally contIunrng plummum. These sedrmnts could then create fugItIVe 
dust through wmd erosion. 

4 8 3 3  & 
No d b l e  scenano exlsts that could produce an exposure pathway from wmd stnppmg of the 

surface water. As stated prewously, although bed reservo~ sedments present a possible 
fUgIhVe dust pathway from wmd erosion, the source term (plutomum m exposed sedments) is 
not present under c m n t  condtnons. Therefon, the followmg pathway can be dtscounted m h s  

quahtatwe nsk assessment. 

Wind Skipping of Water + Air 

4 9 UNCERTAINTIES IN THE RISK EVALUATION 

The procedms and mputs used to assess potentd human health and enwonmental nsks m thls 

and most such ev81u8tloI15 m subject to a wde vanety of UnccTt8llltlCS. The five m sources 
of unccrtamty ue the followmg: 

~ s a m p l c p o p u l a h o n  
Samphg and analytml methods 
Fate and transport modehg 
Exposure estLmatlon 
Toxlcologcal data and dose response extrapolaoon 
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Errors assocIIucd wth samplmg and analysis mclude lnherent e m  m laboratory analysis, 
reprcsentanveness of the samples, samphg errors, and heterogeneity of the sample mam. 
Although QA/QC programs serve to reduce these errors, they cannot e h a t e  all erro~s 

assocuttcd unth samphg and analysis. 

i) 

4.9.1 Toxlcolom U nctmunn eg 
Toxlcolog~cal data crms are also a source of uncertarnty, The EPA noted tlus m its gu~dches 

for carcmogemc nsk assessment 

" There are IXU+JM u n m n e s  m extrapolatmg both from anrmals to humans and from 
hgh to low doses. There are mportant s p e s  Merences m uptake, metabohsm, and 
organ Qsmbuhon of carctnogens, as well as spaclts and stmn ddThences m large site 
suscepbbhty. Human populabons are vanable wth respect to geographic consntubon, 
&et, occupanonal and home enwonment, acnv~ty patterns and other cultural factors 
@PA, 1986)." 

The esamanon of exposure n q w s  numerous assumptions to dcscnbc the potennal exposure 
situanons There am a number of uncemmnes r e g h g  the fate and transport of plutomum, the 

~ ~ o c x i  of exposure, the frequency of contact wth contarmnated medta, the concentranon of 
consntuents at exposure pomts, and the m e  penod of exposure. These assumphons tend to 

oversmpw actual site conQnons. There are mherent uncemnes m determmng the mtake 
value when combmed wth toncologcal mfarmaaon, to assess nsk. In thls quabtahve 
assessment, specific assumpmns wth stan- values wexe used. The major assumpnons 
used rn thls assessment are as follows. 

@ 

Consntuent concentrahons r e m  constant over the exposure p o d  

Exposure x e m s  constant over hme 

Average concentmaom of consntuents detected an reasonable eslimates of exposure at 
the exposun p t  

Exposed populanons r e m  constant over the exposure period 

No drluhon factor for the contarmnants IS off& and they an avadable for 100 percent 
bio-uptake 
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Table 4.2 qualltaavely describes the general assumpaons used 111 the nsk assessment, and the= 
effect on the risk assessmtllt. 

4.9.2 ' ~ n l C R l S k U  nccrmnmg 
Numcr~us refcrtnces @PA, 1990b. ICRP, 1980) pmwde numcrrcal esmtcs  of the I-& of fatal 
cancer mducaon from i o w g  radmhon. These estmates may be a functlon of dose to an 

mdmdual organ, whole body dose, duraaon of exposure, or quanaty of radmactrve m a t e d  

mgested or mhaled. 

A smgle slope factor @PA, 199Ob) was chosen to estimate hfeme risk of fatal cancer as a 

h c a o n  of the receptor's Meame mtake of the mdmdual rachonuchde Greater accuracy 

resulhng from the use of more situatlon-specific factors would make the maptude of the other 
uncertamhes m the eshmahon of human mtake of mhonuchdes. Based on a mnew of m n t  
nsk cshmates, it is assumed that the use of the smgle nsk factor wdl generate an ovcrtstunaaon 
or underestlmatlon of one arder of magmtude compared to the use of a sltuaaon-specific factor. 

e Because of the low probabhty of cancer mducaon at the levels of human exposure to ractroacave 
mated normally encountered 111 the enmnment, addmonal uncett(illltes anse from 

extrapolatmg nsk esmtes  from much hgher levels, where deletenous effects may be observed 
to the low levels that arc actually encountered. Also, uncertamty results from assummg a hear 
relaaonshp at low levels of human exposure 

Because of gaps m current scxmtfic understanbg of d o l o g m l  camnogenesus, racboIopcal 

cancer nsk assessment reqzllres the use of a senes of judgmental decislons on numcTous 
unresolved scicntdic issues. These judgmental decisions lead to uncertamhes m cancer nsk 

assessment because major assumpaons arc necessary for data extrapolaaon The four mam data 

extrapolations arc &scussed m the followmg 

The extrapolation of expenmental results across species fnnn laboratory d s  to 
humans 
The extrapolanon of data from hgh-dose repon of exposure of human or laboratory 
ammils to the low-dose regon of exposure of the general populaaon 
The extrapolanon of data across exposure duraaons from acute to chromc cases 
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TABLE 4.2 

The amount of medla mtake is 
assumed to be constant and 

ASSUMPTIONS AND THEIR EFFECTS ON RISK ESTIMATION 
SITES 200-202, ROCKY FLATS PLANT 

Environmental Sampling and Analysis 

Sufficxent samples may not have 
been taken to charactenze the 

Systemahc or random errors 111 

the racbochermcal analyses may 

Plutomum concentrahons reported 
as "below method detechon h t "  
are considered to be a non-detect 

matnces belng evaluated. Moderate 

yeld erroneous data LOW 

data poult. LOW 

The quahtahve pubhc health 
eVdUahOn is based on the 
chemcal of concern (Pu) only 
'Rus may represent a subset of 
the rdonuchdes possible at the 
site. Moderate 

I Exposure Paramter Estimation 

The standard assumphons 
regardmg body weight, perrod 
exposed, Me expectancy, 
ppdahon charactensacs, and 
hfestyle may not be 
representatme far any actual 
exwsure situation Modcratt 
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TABLE 4.2 

Food does not contnbute to 

Dermal absorphon of plutoruum 

plutonrum uptake 

from sod is neghgble 

ASSUMPTIONS AND THEIR EFFECTS ON RISK ESTIMATION 

(conhnued) 
SITES 200-202, ROCKY FLATS PLANT 

Moderate 

LOW 

As sumphon 

Exposure to contarmnants 
remams constant over exposure 
Period- 
Concentranon of contamtnants 
remams constant over exposure 

All plutomum is avadable for 
dudahon m I.espuable-size 
parhcles 

For most contarmnants all mtake 
is assumed to come from the 
medlum bemg evaluated. Thls 
does not take mto account other 
contarmnant sources such as &et, 
exposures o c c m g  at locaoons 
other than the exposure pomt 
bemg evaluated, or other 
enwonmental m d a  whch may 
contnbute to the mtake of the 
chemcal(1 e ,  relaave source 
contnbuhon is not accounted for) 

A Effect on E s k  

May Over- 
Estmate k s k  

Moderate 

May Under- 
Eshmate k s k  

Moderate 

Environmental Parameter Measurement 

May Over/ 
Under- 

Eshmate fisk 
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TABLE 4.2 

ASSUMPTIONS AND THEIR EFFECTS ON RISK ESTIMATION 
SITES 200-202, ROCKY FLATS PLANT 

(conmued) 

, Assumpbon 

ll Effect on Ruk 

May Over/ 
May Over- May Under- Undcr- 

Eshmate &sk Estunate Ruk Esbmate fisk 

Toxicologid Data 

Wlcs are assumed to be addmve 
ksks may not be addIhVe 
because of synergmc or 
antagonubc acbons or other 
chemcals 

Assumes absorphon is equvalent 
across speaes "%Is is unphcit m 
the denVahOn of the acceptable 
mtakes or cancer slope factors m 
h s  assessment. 

Extrapohmon of toxlcity data 
from species to species, and from 
laboratory ammals to d s  m I the field. 

Moderate 

LOW 

M b t e  
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The eXtrapO1ahOn of data across age groups from adults to chlldrcn or across ethruc 
POpulahOnS. 

The uncemaes assmated wth these four basic data extrapolaaons are mherent m EPA slope 
factors for radtonuchdes and nsk coefficients used m conventional rad.iologrcal nsk assessment 
methodology These uncertaInhes m nsk esamaaon are ducussed m the followmg paragraphs. 

4 9.2 1 Internal Ex~osure 
Uncertrunhes m internal dose calculatrons based on ICRP models mse pnmanly h m  five 

sources 1) the uncemty m reference man data (age- and sex-specific Mercnces and 

biolopcal and ethtllc vanabhty m anatomcal and physiolopcal parameters); 2) the uncemty 
m the lung and GI tract models desmbmg the translocahon and absorptron of lnhaltd or mgesttd 
radtonuchdes mto the blood (e g , the uncertatnty m the anatomcal model of the lung and GI 
tracts and age-specdic physiologrcal and morphologml pperaes of the models); 3) the 
uncertarnty associated wth the formulahon of the ICRP (1988a) biolaneac models dembmg the 
dsmbuhon and retenaon of rad.iOachvlty among the vanous organs m the body ( e g ,  the 
biolanehc models are rnamly based on snlmal data and often eshmate exmaon maccurately; the 

growth of radtoachve daughters is usually handled Unreahsacally), 4) the unctrt~~lllty m the dose 
models used to calculate the absorbed dose to organs fkom r&onuch&s retamexi m the body 
(nonumform dutnbuhon of the achvlty IS normally found m human organs), and 5) the 
uncertcunty m the model parameters (e g., absorphon frachon [f,], whlch contnbute the largest 
uncertarnty 111 the GI tract model, mtake rate, and effecave half-Me). 

Uncemnes m nsk estxmahon from mternal exposure mse from the following sounxs 1) the 
assumphon of the dose response model for esamaang nuhaaon-mduced cancer nsks at low doses 
and low dose rates based on data at hlgh doses and hgh dose rates, 2) the chace of the nsk 

models, latency pen* and expression penod for vmous types of rabhon-mduced cancers 

beyond the years of observahon, 3) the age-specfic parameters (mk coeffiaents) used for both 
absolute and relahve nsk models obwed from the Japanese atomc bomb s m v o r  data, based 

on relatrve hgh doses and Japanese populaaons, 4) the use of age-specfic mortahty rates based 
on data collected m the Umted States m1970, and 5) the use of mortahty-to-mcidence nsk mhos 
for vmous types of cancers (Cancer mcidence StahStICS are mcomplete, and there is a posslbhty 
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of Mmnces m the relaave frequency of cancer types between nubogem cancers and those 

0 caused by other factors.) 

410 DATANEEDS 
It is emdent that sufficient field data are laclang to perform an adequate quanataave nsk 

assessment of Sites 200-202. The followmg quanamve mfomaaon would greatly mcxeasc the 

accuracy of any future nsk assessment. Many of the parameters hsted below have been 

quantltied far the RFP as a whole; however, the apphcabhty of the erustmg data to Sites 200-202 
has not been ngarously evaluated, and much of the exlstmg data have not been vahdated. An 
early step m the data acqwiaon process, therefore, should be to evaluate the apphcabhty of 
erustmg enmnmcntal data from the RFP to Sites 200-202. W e  the followmg semons 
descnbe some of the addmonal mfmnaaon whch wdl be r e q d  to conduct a quanataave nsk 
assessment, the Sites 200-202 RFVRI work plan wdl address these data needs m greater &tad. 

4.10.1 Phvsical Parameters of the Sites 

Sedunent parameters such as sod partlcle sm, determmaon of sod part& slze b u o n  with 

whch plutomum is associated, orgmc content, and bulk density should be detcmuncd. 

Metcorologcal parameters such as the frequency dmnbuaon of wmd speed, k a o n  and annual 

stabhty class should be collected. Worst case sod (exposed sedunent) and mettarolog~cal 
condmons (1.e , those condmons at the site most conducive to plutomum transpart) should be 
idenGed 

0 

4.10.2 Detemaaon of Fumave Dust Impact 

More site specific mfimnaaon of the potenaal for wmd erosion from exposed sedunents needs 
to be collected and evaluated. 

4 10 3 Hvdroloa 

The surface and ground water charactensacs at Sites 200-202 need to be adequately charactenzed 

as they relate to contarmnant transport. Site speclfic data need to be collected as part of the 

RFVRI acamty Stra~ed water samples should be collected from the mwom. 
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4.10 4 Molomcal Charactenmaon 
The lateral and vemcal extent and magn.m.de of a l l  plutomum and americium isotopes (and any 

other r d o l o g n l  parameters) 111 the reservov sedunents should be determmed. The ambon 
state and chemcal state of plutomum and other n&onucUs should be characted Seduntnt 

samples should be further charactenzed, and a stan- procedure should be made avadable 
for the quanotaove nsk assessment. 

I 

4 10 5 Other Contarmnants 

Addmonal charactenzahon of the site for potenhd morgatllc and organu: contarmnants needs to 
be conducted. The medla of greatest concern are sedments, surface water, and ground water 

4 10 6 Biota 

Biota should be charactenzed. Analysis of both plutomum and amenaum uptake should be 

performed. 
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5.0 CONCLUSIONS AND RECOMMENDATIONS 

Over 30 documents d e t a h g  stu&es of Sites 200-202 were remewed m prepanng thls report 
These stu&es address Merent aspects of the Sites and have been conducted usmg markedly 

Merent techmques W e  thls mconsistency m approach and techmque has lumted the 
usefulness of the ewstmg data relauve to IAG reqwments, the followmg conclusions can be 
drawn from the body of avadable mformauon for Sites 200-202. 

Plutomum and amenaum (a decay product of plutomum) are the only known 
contarmnants m the reservous attnbutable to RFP releases. Thls conclusion is based 
on extensive water quahty momtonng data for Great Western Reservou and Standley 
Lake and analysis of bottom sedunent samples for numcrous potenual RFP-dcrived 
contarmnants, mcludmg vmous ra&onuchdes and berylhum 

A plutomum-beanng honmn of bottom sedunents m b a t  Western RCSCXVOK and 
Standley Lake has been covered by subsequent sdmentahon. The lvghest sedunent 
plutonium concentrauons were found to ewst m the deepest areas of each T~SCXV&. 
The concentranons of plutomum m the sedunents m areas of hghest exposure potential 
( l e ,  near-shore areas) of Great Western R~SCZVOK and Standley Lake are above 
background levels, as measured by several past stuhes m sedunents of Colorado Front 
Range re servo^^ beheved to be unaffected by RFP releases. 

Max~mum plutomum concentranons measured to date m Great Western Reservou 
sedunents are several tunes hgher than those measured to date m Standley Lake 
sedments 

Only four sedrment samples have been collected (all m 1970) to assess plutomum 
concentrauons m Mower Reservor sdments The hghest plutomum concentmhons 
measured were roughly mce the esumated background concentmuon due to 
atmosphenc testmg fallout, and were several tunes lower than the hghest concentmuons 
measured to date rn Standley Lake. 

Plutomum is strongly adsorbed to the clay-nch sedrments typical m mpoundments near 
the RFP Stu&es have shown that plutomum m the mservou sedunent columns is 
effecuvely Immobdmd. 

Rouhne water quallty momtorvlg lndtcates that water quahty m Standley Lake and 
Great Western Reservor has not been measurably mpacted by plutomum m the 
reservor sedunents A smgle water sample collected m 1970 fn>m Mower Reservor 
showed background plutomum concentrauons (background is due to atmosphenc teshng 
fallout). 
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Residenhal tap water denved from Standley Lake and Great Western Reservon is 
routmeIy analyzed for plutonium. Results consistently mdicate that plutomum 
concentrahons an? well below CDH drmlang water standards. 

Of the many potenhd exposure pathways identified for the ~eservom, the avbornc 
pathway from reentratnment of exposed sedments is considered the most si@cant 
pathway that can convey plutomum to human receptors from Sites 200-202. Avbarnc 
plutomurn concentraaons measured by an  momtors downwmd of Sites 200-202 have 
r e m e d  well below the 0 02 picocunes per cubic meter (pWm3), or 0 OOO7 becquerel 
per cubic meter (B4/m3) standard set by DOE All potenttal exposm pathways, 
however, wdl be addressed under scheduled RCRA Fachty h v e s h g a h o n / R e ~ a l  
Inveshgatlon (RFURI) aChvltleS at Sites 200-202 

W e  the avadable data for Sites 200-202 pomt to the above conclusions, they am not sufficlcnt 

to support a quanutatwe nsk assessment To c o n f i i  these conclusions wth quanQtatwe data, 

it is recommended that addmonal site data, mcludmg metearolog~cal parameters and sedment 

and BV samples be collected. F d e r  w e n t  sampllng should also be ptrformcd to confirm 

I conclusions concemg plutomum concentrahons and mobhty m sedunents at Sites 200-202. 
A quanntaave nsk assessment can then be perfomed to quantrfy the human health nsks 

associated with the three reservous. These data collecoon achwaes should be mtegrated rnto 
scheduled RFURI achWties 
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1.0 INTRODUCTION 

A basehe human health nsk assessment has five basic components; these an. 

Data Collection and evaluaoon 
Exposure assessment 
Toxlcity assessment 
Rukcharactenzation 
Uncertrunty analysis. 

Each of these facets of a nsk assessment need to be performed m an appmpnate manner so that 

a quanotatwe nsk assessment is performed. 

"us  secbon examrnes the "Data Collection and Evaluation" that has been perfmmd on 
Sites 200-202 wth respect to EPA's Gudance for Data Useabdw 111 Rsk Assessment @PA 

540/G-90/008), dated October 1990 The followmg cntena were used to evaluate and comparc 

hlstorlcal data. 

1. Was an adequate conceptual model of the site mcluded? 

2 were data qU&ty objectives Stated? 

I 3 Were key site charactemocs documented? 

4 Were all appropnate medm sampled? 

5 Were all key areas sampled? 

6. Did samphg mcludt m d a  along potennal routes of rmgraoon? 

7. We= samphg locanons consistent wth the nature of contamtnaoon? 

8 Were samphg efforts consistent wth field screenmg and vlsual obsmaoons 111 

locahng hot spots? 

9 Were detaded samphg maps promded, mcludmg the location, type and numerical 
code of each sample? 

10. Did samphg mclude appropmte QNQC measures? 

11 Were background samples collected from appropnate mas3 
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12 Were any site-related chermcals ellmtnated from analysis wthout appropnate 
justdkahon? 

13 Were appropnate analpcal methods employed for collecnon data? 

14 I>ld the data meet the stated data quahty objecnves? 

15. Were appropnate data q u w e r s  used for the analpcal data? 

The results of h s  evduahon are sllmmanzed m this appendm under Data Useabhty Worksheets 

In rewewmg these worksheets it became clear that the avadable data would not support a 
quanhtahve nsk assessment Therefore the nsk assessment that was developed for Sites 200-202 
was performed to deterrmne fi there was the presence/absence of an lmmlnent hazard to the 
pubhc. A second goal was to idenhfy data needs for a future work plan that would d.lrtct 
r e d d  mvestlgahon (RI) data collectlon 

Some lnherent uncemmty is associated wth any numencal nsk coefficient calculated m the 

development of a health nsk assessment. The hstoncal data were not mtended far use m a 

quanhtahve nsk assessment and therefore meets few of the current standards for data useabhty 
as outhed m the EPA Gmdance Document for Data Useabhty m ksk Assessmnt (1990). All 

the data rewewed attempt to charactenze the locahon and maptude of the sod concentranon of 
239 Pu (source term) at Site 199 The source term is the hchpm upon whch any nsk 

assessment is based, and If the data cannot adequately be defended as vhd ,  a quantltatlve nsk 

assessment that has any v&&ty is mpossible to perform. None of the Sites 200-202 data 

rewewed meets the mmmum cntena of data useabhty. Instead, a preluIllnary quahtanve nsk 

assessment has been developed that evaluates the ElahVe maptude of the some term, and 

whether human receptors are c m n t l y  expenenang any lmmlnent hazard from tlus source term. 

The followmg documents are luted m Appencllx D, but they were not rewewed agamst all  of the 

cntena found m the data ustabhty grudance document due to the lack of dormanon c o n w e d  

wthm them: 

National Dam Safety Program Standley Lake Dam 

Plutomum Chermstry 
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a Great Western Resemov Pre-Feasibhty Study for Surface Water Interceptor System 

A Survey of Plutomum Contammatton Released to the Satllulry Sewer System 

The Study of Plutomum m Aquaoc Systems of the Rocky f i t s  Enwons 

General S-nt Samphg Program Proposed Off-Site Samphg Acttvmes 

Standley Lake Serllment Sample Collecaon Summary, August 1984 

Geology of Standley Lake Area, July 1982 

Battelle PNL Report Monuchdc Concentratton m Rtservom, Streams, and 
Domesuc Waters, February 1980. 

Battelle PNL Report, "Wonuchde Concentratton m Rtservw, Streams, and 
Domesttc Waters Near the Rocky Flats InstallaQon" 

Geology of Standley Lake Area, Jefferson County, Colorado 

Standley Lake Sample Collectton Summary, August 1984 

Tune Pattern of Off-Site Plutomum Contammatton from Rocky Flats Plant by Lake 
Sedment Analysis, E Hardy 

Rad~oacttmty Levels m the Dmons of the RFP, Part II, December 15,1973 

MuIllncipal Samphg, Water Qualrty Control Board 

Research Roposal for Wonuchde Lmnochronology and Background Levels of 
Plutomum m Front Range Lakes 

Investtgattve Report of the 1973 Tnaum Release at the RFT uz Golden, July, 1974 

Plutomum m the Aquattc Enwonment Around the Rocky Flats Fachty, 1971 

The followmg approach to the data useabhty eVdUattOn for Sites 200-202 is taken from the EPA 

Gllldance Document far Data Useabhty m ksk Assessment, EPA 540/G-901008, October 1990 

~ @PA, 199Oa) 
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2.0 REPORT TO RISK ASSESSOR 

As stated m the EPA Gudance for Data Useabhty m k s k  Assessment, the rmnlmum data, 

documentanon and report matmals needed to prepare a nsk assessment m: 

A descnpnon of the site, mcludmg a detaded map showmg the locanon of each 
sample, the site locanon relanve to smundmg structures, t e r n  f e a w ,  receptor 
populanons, m&canons of 8v and water flow, and a descnpnon of the operatwe 
mdustnal process (lf any) 

A descnpaon and ranonale of the sample design and samphg procedurts 

A descnpnon of the analpcal methods used 

Results for each analyte and each sample, q u u e d  wth respect to analflcal 
hutaaons 

Sample-spec& quanatanon h u t s  (SQLs) and detecaon h t s  for undetected 
analytes, wth an explananon of the detecnon huts reported and detectton lmnt 
qualdlcanon for ana lytd  hutanons 

A narranve explananon of the level of data rewew used and the resultmg data 
quabfkrs mhcaang dvecnon of bias, based on the assessment of the results fmm 
quallty control samples (1 e , blanks, duphcates, and field and laboratory sprkes 

A descnpnon of field conhhons and physical parameter data as appropate for the 
medla mvolved m the exposure assessment 

As stated m the pdance document, If any of thu mformanon is not avadable and cannot be 
obwed, it may not be possible to perform a quanntanve baselme nsk assessment. 
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3.0 ASSESSMENT OF DOCUMENTATION 

Acc-g to the gudance document three types of documentahon must be assessed Chamof- 
Custody records, Standard Operamg medures, and field and analyhcal records 

Cham-of-custody records must document the sample locanons and the date of samphg so that 

sample results can be related to geographlc locaaon and to specific sample contamers If a 

sample result cannot be related to a samphg date and the pomt of sample collecaon, the nsults 
are unusable for a quanhtatlve nsk assessment Full scale chamofcustody procedures (extendmg 

from sample collechon through analysis) are not requmd far nsk assessments, although they arc 

requmd for other purposes, such as enfoxcement or cost recovery 

In all cases, the reports rewewed had no chamof-custody records. Sample locatlon records were 
poor, and samplmg dates were not mcluded. As stated above, If samphg results cannot be 
related to a samphg date and the pomt of sample collmon, the results arc unusable for a 

quanhtahve nsk assessment 

No field or analyncal records were mcluded wth the documents rewewed, nor were SOPs 

avadable to allow cornpanson of the field and analpcal records far each repart. Smce SOPs 
were not mcluded, it is mpossible to deteme the level of systemaac and random error 

associated with samplmg and analysis wthm any of the reports rewewed. 
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4.0 ASSESSMENT OF DATA SOURCES 

Mmmum analyhcal data reqmments for a nsk assessment as stated 111 the grudance document 

sapulate that one sample per mtdlum exposure pathway be analyzed usmg a broad spectrum 
analflcal techmque, such as GC-MS methods for orgamc analytes, or I B  for morgamc analytes 

The lack of a broad spectrum analysis for any samples at Sites 200-202 from a fixed laboratory 

source results 111 an mcreased probablllty of false negaaves because al l  chemcals of potenbal 

concern at the site may not be idenhfd. In the absence of a broad spectrum analysis, the best 

comecave acuon IS to collect Maonal  samples Smce addmonal samples have not been 

obmed from Sites 200-202, the probab&ty of false negaaves and positlves should be considered 

hgh Therefm the level of certamty m perfmmng a quanhtaave nsk assessment is greatly 
decreased. 

Field measurements of physical characterrsacs of the site, m d u m ,  or contarmnaaon source are 

CnhCal data, whose omssion can sigmlkantly affect the vab&ty of a quanhtaove nsk assessment. 

Physical site mformaaon is reqwd to perform exposure fate and transport modelmg Examples 
of such data an parhcle sue, pH, clay content and porosity of sods, wmd direchon and speed, 

topography and percent vegetaaon The EPA R~sk Assessment Gudanct (RAGS) descnbes 

m u m  field measurements to be collected for site charactenzatlon RAGS Exhlbit 4-2, 
"Examples of Modelmg Parameters for W c h  Infomaon May Need to be Obmed Durlng a 
Site Samplmg Invesagaaon," promdes a hst of data elements accardtng to m&um modelmg 

category If not collected d m g  samphng, these parameters cannot be &termme& The use of 
default optlons and routmes to eshmate rmssmg values allows the use of the model but mmascs 

the uncertamty associated mth the exposure assessments 

Although large amounts of h s  data emst for the RFP, none of the above parameters have been 

charactenzed for Sites 200-202. The lack of field measurements duectly apphcable to 
Sites 200-202 greatly reduces the level of certarnty m the perfomawe of a quanotatwe nsk 

assessment. Therefore general statements concemmg physical site mfmmaaon were u t h d  for 

the quahtahve mk assessment. 

' 0  
I 
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5.0 ANALYTICAL METHOD 

A criacal facet of data uscabdq as descned m the pdance document requves that the 
analytxcal methods used to measure plutomum contarmnahon m sedunent have suffiaent qdty  

control measures bullt mto the sample collecaon and analysls The preparanon of samples p o r  
to countmg is an mportant considerauon, whlch is a mula-step process that acbeves the 

followmg objtctwes. (1) the destrucaon of the sample matclx to reduce alpha-and beta parhcle 
absorphon, (2) the separaaon and concentrahon of mhonuchdes of mtcrest to mcrease resohaon 

and sensiawty, and (3) the pxeparaaon of the sample m a swtable form for counting 

Appropate ra&oacave tracers must be selected and added to both the field and laboratory 

samples before a rachochemcal procedure is maated. Of the documents rewewed, only the 

Illsley 1987 report pmally descnbes the above methods used for rabochemcal analysis Most 

of the documents remewed do not state whether analysis was performed by a laboratory 

parhcipatmg m the EPA Enwonmental RadIoachve Intercompanson Program, whch provrdes 
quahty assurance oversight for rachaaon measurement laboratones 
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6.0 DATAREVIEW 

The €PA Data Useabdq Gudanct Document hsts two mma for data rewew, that of 
tunelmess, and the level and depth of remew The first cntena is of httle lmporeance for h s  

project, but the second cntena is a cnncal factor that the data must meet for it to be used m the 
nsk assessment. A statement c0n-g the data renew process is absent from a l l  documents 

that were used to develop the quahtanve nsk assessment The tunelmess, level, and depth of 
revlew IS unknown. It can be assumed that all documents went through a n d  quallty 

assurance remew, but even tlus is not stated. It is unclear rf computer algmthm programs were 
vahdated, or If data entry was checked Therefm based on the data renew process cntenon, 

I 

I 

I 

all documents would be rejected. 
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7.0 ASSESSMENT OF SAMPLING DATA QUALITY INDICATORS 

As stated 111 the Gudance Document, five basic data quahty mdxators must be assessed pnor 

to u-g data 111 a quanhtahve nsk assessment. 

1. ComDleteness 
Completeness is a measure of the amount of useable data resultmg from data collection aCtIWheS. 
A demphon of the number of samples reqwed to adequately charactem each medm should 
be mcluded that at a mmmum references Standard Operatmg procedures (SOPS) and the 
Samplmg and Analysis Plan (SAP) 

The Illsley document uses the methodology of collectmg a large number of sample locahons per 
sector and composiung these mto one sample per sector. Although this is an accepted 
methodology for sod sample collechon over large areas, not enough documentanon was madc 
avadable to determme If a sufficient number of samples were collected to adequately charactenze 
the site 

2 Comoarabdity 
Comparabhty expresses the confidence wth whch data are considered to be equvalent. 
Analytlcal methods and samplmg protocol must be stated m each report to allow companson of 
each of the data sets, smce field and laburatory vanabdq may sigdcantly affect the nsults 

None of the reports renewed are judged to be adequate based on an exammatlon of 
comparab&ty, smce sample design and analpcal methods vary greatly between reports 

3 ReDresentahveness 
Representahveness expresses the extent to whch data define the nsk to human health and the 
enmnment, Samples must be collected m a way that generates data whch reflects the site 
charactenshcs, and must be analyzed m a way whlch represents the properhes of the field 
sample Lack of representatweness m the &a sampled may result m the detemon of false 
negahves and may cause the omssion of potenhal exposure pathways m the nsk assessment. 

Although sample preparaaon procedures were s d a r  for some of the reports, it is stdl unclear 
whether the process of COmpOSiMg subsamples 111 each sector produces a sample data set 
representahve of the exposure area m queshon. hfofmahon concemg hgher COnCentratlonS 
and hot spots is lost when analypng sod composites 

4 Precision 
Precision is a measure of the vanabhty of a set of measurements compared to the mean and is 
usually reported as a coeffiaent of vanahon or a standard dewanon of the anthmenc mean 

Here agam, it is impossible to compare the data sets of the reports avadable for Sites 200-202 
because of the large vanabhty m precision of the analyhcal results The two basic achnhes 
performed m the assessment of precision a~ eshmatmg sample vanabhty from the observed 
spaaal vanaaon and eshmatmg the measurement error attnbutcd to the data co~echon process 
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Neither one of these can be accomphshed for Sites 200-202, gwen the mformaaon presented 111 

the reports and leads to an unacceptable level of uncertrunty Therefom, the esmnon of the 
average concentranon of Pu may not be representatwe of the site 

5. Accuracy 
Accuracy is controlled pnmanly by the analpcal process and is reported as bias. The sample 
design plan and sample collectlon plan relates drrectly to this bias, and srnce neither of these 
documents were mcluded for rewew, it is mipossible to d e t e m e  the accuracy of the reports. 
The esumate of accuracy is further compromsed by the exclusion of data relaang to field and 
laboratory splke results Smce an estmahon of the accuracy of the data cannot be performed, 
the data should not be mcluded for use 111 a qUantttahVe nsk assessment. 
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8.0 APPLICATION OF DATA TO RISK ASSESSMENT 

The Data Useabhty worksheets prowded m Appendm A p w d e  a demled examtnaaon of the 

data quallty across the vanous assessment phases To summan= the data and deterne 
useabhty the followmg four quemons are apphed to each data report, mcorporaMg the data 

useabhty mtenon evaluated m the worksheets These quesaons axe taken chctly from 
Chapter 6 of the EPA Gwdance Document for Data Useabhty. 

CRITERION 

1 What conEarmnatron IS present and at what 
levels? 

2 Are ate concentrahons suffiaently drfferent 
from background? 

3 Are all exposure pathways idenhlied and 
exarmned? 

~~ 

4 Are exposure pathways fully charactenzed? 

SUMMARY 

Analyhcal methods, data revrew, analyt~cal preclslon 
and accuracy combm to allow fop a probnb&y of 
false negarwca 

Cntenon not met 

Although background measurements wen  not 
collected, the levels of Pu prestnt are greater than 
what can be ambuted to warld-unde fallout. 
Therefore it IS assumed tbat the plutomurn measured 
at Sites 200-202 mpated from the RFP 

Cntenon met. 

The nature of the pathways to be exarmned IS 
c n W  to the CharacmhOn of rrSL at the ate 
None of the documeats remewed prorovlde 
identrficatlon of exposure pathways 

Cntenon not met. 

To be fully characmmd, the exposun pathway 
must have been appropriately sampled. Data 
Quallty In- such as completeness, 
comparab&ty, representatveness, precwn,  and 
accuracy all must b w t h  acceptable huts for the 
exposure pthways to be ~cc\p8ttly charachenzed. 
The mfonnahon hted above IS laclung mall  of the 
documentahon pnnndcd 

Cntenon not met. 

Smce none of the documents meets the basic clltenon of data useabhty a quantitative nsk 

assessment based on such data would not yeld useful results and would not be defensible 
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9.0 SUMMARY 

An exarmnaaon of the data avadable for Sites 200-202 m&cates that few of the cntena found 
m the EPA Gutdance Document for Data Useabhty axe met. The data collected w m  of hmted 

quahty and specificity, a samphg design program was not mmated to collect repsentatwe 
samples from all me&a and exposure pathways, and no m e m g f u l  statlstlcal analysis were 

conducted on the data set p o r  to pubhcanon of the reports, m c l u b g  Data Quahty In&cators 

and sample specrfic quanatation h u t s  (SQLs) 

Therefore, based on the gudance found 111 the Data Useabhty for fisk Assessment only 

quahtaave statements concenung nsk m possible. These statements are b a d  on hlstancal 

mformabon and the general behawor and transport of plutomum 111 the enmnment No 
numerical measures can be denved to m&cate the potenual for adverse effects, and the level of 

certcunty cannot be assessed The nsk to human health may thus be considered only in 
quahtatwe tern,  whlch by the reference document is an acceptable method when data do not 

suppart a more ngorous qUantItahVe analysis 0 
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TABLE Al.l e DATA SOURCES 
OPERABLE UNIT NO. 3, Sites 200-202, ROCKY FLATS PLANT 

a Nature of Data 
United States Atomic Energy Commission, I Plutonium concentrattons in soil samples colkted 
”Plutonium in Soil Around ihe Rocky Flats Plant,” by 
P.W. Krey and E P Hardy, Health and Safety 
Laboratory USAEC, New York, NY, HASL-2351 
August 1970 
Dow Chemtcal USA, “Soil Sampling East of Indiana 
Avenue,” by R W Loser and R L Tibbals, Product 
and Health Physlcs Research Servlce Report No 
31 7-72-1 86,29 November 1972. 

in early 1970 from 33 sits extending 
miles from Rocky Flats Plant, including sites within 
and around Sites 200-202 

far as 40 

Plutonium concentrattons in soil sampb collected 
on November 17,1972 from 20 sites wlthin and 
around Sltes 200-202 

I 

Rockwell International, “Results of Special Soil I Selected radionucltde concentrattons (including 
Samples Collected Adjacent to the Rocky Flats 
Plant Site,” by C T Illsley, Environmental Analysis 

plutonium) in soil samples collected in August;l976 
from 25 sites wlthin and around Sites 200-202 

Plutonium and cesium-1 37 concentrabons in soil 
samples collected in 1977 from sltes vvlthin and 
around Sites 200-202 

Rockwell Internabonal, “Plutonium Concentratio is in 
Soil on Lands Adjacent to the Rocky Flats Plan!,” by 
C T lllsley and M W Hume, Energy Systems 
Group, LPR-1,16 March 1979 
Rockwell International, “Disclosure to the Clty CY’ 
Broomfield,” 22 January 1985 

Plutonium concentrabons in soil samples collected 
in 1976 and 1977 from sites within and around 
Sites 200-202 

Page 9 Average plutonium concentrations in soils 
on City of Broomfield acreage at Sites 200-202 
Page 15A Average annual plutonium 
concentratnns in air and soil within and around 
sites 200-202 
Plutonium concentrabons in 15 composite soil 
samples collected in 1985 from 10-acre plots wain 
the City of Broomfield acreage at Sites 200-202 

Plutonium concentrations in composite soil samples 
collected in 1977 and 1985 from 1 0-acre plots within 
sites 200-202 

Summanes of all environmental investrgations and 
monltonng conducted on and around the RFP 
dunng the current year (summarizes data included 
in monthly environmental monnonng reports) 
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TABLE A13  

PLUTONIUM IN SOIL AROUND THE ROCKY FLATS PLANT, APRIL 1,1970 

D U l R s n e W  I”” 

c. Rcprereautlveneta 

E Accuncy 
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TABLE A13 

COMMlTTEE EVALUATION OF PLUTONIUM LEVELS 
WIT" AND SURROUNDING RFP, JULY 9,1971 

a 

3 

B Soh 

c p l e l d d  
Anrlyrrul- 
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TABLE A1.4 

SOIL SAMPLING EAST OF INDIANA AVENUE, NOVEMBER, 1972 i *  

%- 

' 0  

, 

I 
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TABLE A1J 

RADIO ACTIVE SOIL CONTAMINATION IN THE ENVIRONMENT NEAR 
THE ROCKY FLATS NUCLEAR WEAPONS PLANT, CDH 1977 

c F l e l d d  
AnrlytlcllRccorb 

+- &* 

c Reprumunvarsrr 
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TABLE A1.6 

RESULTS OF ANALYSIS FOR SPECIAL SOIL SAMPLES COLLECTED 
ADJACENT TO THE ROCKY FLATS PLANT SITE, SEPTEMBER, 1977 

L h U R C V l C W  
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TABLE A1.7 

a 

' 0  

PLUTONIUM CONCENTRATIONS IN SOIL ON LANDS 
ADJACENT TO THE ROCKY FLATS SITE, MARCH 1979 

1 RsponrtoRirL I h -  

B Noa-rarlytrcll 
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TABLE A1.8 

DISCLOSURE TO THE CITY OF BROOMFIELD, JANUARY 22,1985 

- 
3 

4 A~lytlcllMubodr 

5 DulRmCw 
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a 
TABLE A1.9 

SOIL SAMPLING COLLECTION AND ANALYSIS FOR PLUTONIUM ON LANDS 
ADJACENT TO GREAT WESTERN RESERVOIR 

FOR THE ClTY OF BROOMFIELD APRIL 10,1985 

B SOP( 
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TABLE A1.10 

REmDIAL ACTION PROGRAM ON JEFFERSON COUNTY OPEN SPACE LAND IN 
SECTION 7, T2S, R69W SOUTH OF GREAT WESTERN RESERVOIR JAN. 15,1987 
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TABLE A l . l l  

SPECIAL REPORT 1989 CDH SURFACE SOIL SURVEY RESULTS 

I conrmmdl I 

C. Reprsrenutlvenur 
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TABLE A1.12 

STANDLEY LAKE FISH TOXICS MONITORING REPORT, JANUARY 1990 

I CmMmU I 

Reject fa M o m  
Reject fa atau Weatem 

I 7 
I - 
I I 
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TABLE A1.13 

INTERIM REPORT ON SAMPLING AND ANALYSIS OF SEDIMENTS 
AND CORES FROM GREAT WESTERN AND STANDLEY RESERVOIRS, 

DECEMBER 20,1973 

B SOR 
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TABLE A1.14 

GREAT WESTERN RESERVOIR SEDIMENT CORE DATA 
GRAPHS, FEBRUARY 1985 
DECEMBER 20,1973 

I 
DRccmccl 

mchdul. No d o c n m d  QA m w  I I- 
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TABLE A1.15 

e PLUTONIUM LEVELS IN THE SEDIMENT OF AREA 
IMPOUNDMENTS ENVIRONS OF THE ROCKY FLATS PLUTONIUM PLANT 

FEBRUARY, 1975 

I -  E A Cunplctcnas 
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a 

a 

TABLE A1.16 

SURYEY OF RESERVOIR SEDIMENTS, JUNE, 1974 

I cammau I Dwaar' 

pathway haw been chnctwrzed 

E Accuracy 
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TABLE A1.17 

HISTORY AND EVALUATION OF REGIONAL 
RADIONUCLIDE WATER MONITORING 
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TABLE A1.18 

GREAT WESTERN RESERVOIR SPILLWAY 
SEDIMENT SAMPLING PROGRAM 

PHASE I AND II 
I colllmanr I Dsaaco' 
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1.0 THE NATURE OF RISK ASSESSMENT 

Regulatory acaons are based on two dlsanct elements, nsk assessment, the subject of th~s study, 
and nsk management. ksk asstssmcllt is the use of the factual base to estimate the potenml 

health effects of posslble exposure of m&mduals or populauons to hazardous matenals and 
situauons Nsk management is the process of weighmg pohcy alternmves and selectmg the most 
appmpnate regulatory acaon, mtegramg the results of nsk assessment wth engmeermg data and 

wth socud, econormc, and pohucal concerns to reach a declsion 

h k  assessments contam some or all of the followmg four steps 

Hazard idenoficauon* The detemaaon of whether a particular chemcal is or 
is not causally hked to particular health effects. 

Dose-nsponse assessment. The determmauon of the relauon between the 
maptude of exposure and the probabhty of occurrence of the health effects 111 
quesaon. 

Exposure assessment. The &termmaon of the extent of human exposure before 
or after apphcauon of rcmtdlal controls 

Ruk charactermuon: The dempuon of the nature and often the maptude of 
human trsk, mcludmg attendant uncemnty 

In each step, a number of deasion pornts (components) occur w h m  nsk to human health can 
only be &erred from the avadable evidence. Both scientific judgements and pohcy choices may 

be mvolved m selecang from among possible derenhd bndges, thenfore the term 'hsk 

assessment pohcy" is used to Merenuate those judgements and choices from the broader soad 

and econormc pollcy issues that are mherent III nsk management hsions .  

I 
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2.0 TERMINOLOGY 

Despite the fact that nsk assessment has become a subject that has been extensively drscusscd 
m recent years, no standard defhhons have evolved, and the same concepts am encountered 
under Merent names. The followrng sechons &scuss the vanous terms and components 
common to nsk assessmnts and nsk management stu&es 

2 1 RISK ASSESSMENT AND RISK MANAGEMENT 
k s k  assessment is used to man the charactenzatlon of the potenhd adverse health effects of 
human exposures to enwonmental hazards ksk assessments mclude several elements. 

descnptlon of the potenaal adverse health effects based on an evaluahon of results of 
epidemologc, cluucal, toucologc, and enwonmental research, eXtrapo1ahOn from those mmlts 

to pnxhct the type and eshmate the extent of health effects m humans under gwen con&hons of 
exposure, judgemmts as to the number and charactenshcs of persons exposed at vanous 
IntenSiheS and duranons, and summary judgements on the exlstcnce and overall magnm.de of the 
pubhc-health problem. ksk assessment also mcludes charactemahon of the uncemhcs 
inherent m the process of dernng nsk. 

The term nsk assessment is often gven namwer and broader mcaNngs than adopted here. For 

some observers, the term is synonymous wth qUanhtatlVe nsk assessment and emphaslzes 
rehance on numencal results A broader defmtlon mcludes quantdicahon, but also mcludes 

quahtahve expressions of nsk. Quanhtahve eshmates of nsk am not always feasible, and they 
may be eschewed by agenaes for pohcy reasons. Broader uses of the texm also embrace analysis 

of perceived nsks, compansons of nsks associated wth Merent regulatory stratepes, and 
occasionally analysis of the tcollormc and smal  mphcahons of regulatory decisions -- functlons 
that am assigned to nsk management. 

The term nsk management IS used to descnbe the process of evaluahng dternahve regulatory 

actlons and selechng among them. R ~ s k  management, whch is cmed out by regulatory agencies 
under vanous legdative mandates, is an agency decision-malang process that enmls 

considerahon of pohhcd, soad, economc, and e n p m g  lnformaaOn wth nsk-related 
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mformatlon to develop, analyze, and compare regulatory optlons and to select the appropnate 
regulatory rcsponse to a p o t e n d  chromc health hazard. The selecaon process necessanly 
reqms the use of value judgements on such issues as the acceptab&ty of nsk and the 
reasonableness of the costs of control 

2 2 RISK ASSESSMENT COMPONENTS 

Ruk assessment can be &vlded mto four major steps hazard idenaficaaon, dose-response 
assessment, exposum assessment, and nsk charactemanon. A nsk assessment mght stop wth 

the first step, hazard idennficaaon, If no adverse effect is found or rf an agency elects to talce 

regulatory acaon wthout further analysls, for reasons of pohcy or statutory mandate For th~s  

site, the hazard Idenaficaaon, although mcomplete, has dehtely estabhshed that plutomum is 

present, and thus must conmue through the subsequent steps 

Of the four steps, hazard idenoficatJlon 1s the most easlly recogtllzed m the acaons of regulatory 
agenaes It is defmcd hen as the process of deterrrrrmng whether exposure to an agent can c a w  
an mcrease m the mcrdence of a health condmon (cancer, buth defect, etc) It mvolves 
charactenzmg the nature and strength of the evldence of causaaon Although the questlon of 
whether a substance causes cancer or other adverse health effects is theoreacally a yes-no 

quesaon, there are few chemcals on whch the human data arc defhave. Therefore, the 
quesaon is often restated m terms of effects m laboratory d s  or other test systems, e g , 
"Does the agent mduce cancer m test d s ? "  Posiave answers to such quesaons are typically 

taken as evldence that an agent may pose a cancer nsk for any exposed humans Infcnmaaon 
from short-term m vltro tests and on structural sumlanty to known chermcal hazatds may also 
be considered. 

Dose-response assessmtnt is the process of characmmng the relaaon between the dose of an 
agent anmlnlstered or received and the mcidence of an adverse health effect m exposed 
populaaons and estmatmg the mchnce of the effect as a funcaon of human exposure to the 
agent It takes account of mtensity of exposure, age pattern of exposure, and possibly other 
vanables that rmght affect response, such as sex, Mestyle, and other rn-g factors A dose- 

response assessment usually q m s  extrapolatton fmm hgh to low dose and extrapolaaon fmm 

RFPapr200 b B-3 040591 



d s  to humans A dose-response assessment should desmbe and jusnfy the methods of 
extrapolahon used to pmkt madence and should charactenze the stanshcd and biolopc 
unctrtamhes 111 these methods. 

Exposure assessment 1s the process of measunng or esamaang the mtensity, frequency, and 
duration of human exposures to an agent currently present m the enmnmcnt or of esamatlng 
hypotheucal exposures that mght anse firom the release of new chemcals mto the enmnmcnt. 
In its most complete farm, it descnbes the magmtude, duraaon, schedule, and route of exposure, 
the sm, nature, and classes of the human populahons exposed, and the uncertamnes m all 

estimates Exposure assessment is often used to idenhfy feasible prospechve control ophons and 

to @ct the effects of avadable control technolops on exposure 

Ruk charactenzatmn is the process of eshmaang the mcldence of health effects under the vanous 
conchnons of human exposure descnbed 111 exposure assessment. It is performed by combmg 

the exposure and dose-xesponse assessments The summary effects of the uncertamtlts m the 
precedmg steps arc descnbed 111 this step. 

The relations among the four steps of nsk assessment and between nsk assessment and nsk 
management are depicted 111 Figure B-1 The type of research lnfarmaaon needed for each step 

is also Illustrated 
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3.0 SCIENTIFIC BASIS FOR RISK ASSESSMENT 

3 1 STEP 1 HAZARD IDENTWICATION 

Although the risk assstssmnt process as it is currently practiced by federal agenclcs for the 
esumation of cannnogelllc nsk contam several relatively new features, the scltntrfic basis far 
much of the analysls &ne m nsk assessment is well estabhshed. Thrs IS especially true of the 
fmt step rn the assessmtnt proctss, hazard idtnaficanon Four general classes of dormanon 

may be used 111 th~s step, epidemologx data, atllmal-bioassay data, short-term stuches, and 

cornpansons of molecular structure 

3 1.1 Emlermolonrc 
Well-conducted stu&es that show a positive assmaQon between an agent and a &sease are 
accepted as the most convlnclng evldence about human nsk. Thts evldence IS, however, =cult 

to accumulate, often the nsk is low, the number of persons exposed is small, the latent p e d  

between exposure and &sease is long, and exposures axe rmxed and multiple Thus, 

epidermologc data reqm careful mttrprtttaaon Even If these problems arc solved satisfactonly, 
the preponderance of chermcals 111 the enmnment has not been s tubd wth epidemologx 
methods, and we would not wsh to release newly produced substances only to d~scover years 

later that they were powerful carcrnogemc agents These lmtations reqm rehance on less 

duect evldence that a health hazard exlsts 

3 1 2  Anrmal Bioassav Datq 

The most commonly ava&t.ble data 111 hazard ident&ation are those obmed from anlmal 
bioassays The lnterfennce that results from anunal experiments am apphcable to humans is 
fundamental to tox~colog~c research, h s  premse underhes much of expenmental biology and 

m d c m e  and 1s logcally extended to the expenmental observatlon of carcmogemc effects 
Despite the apparent valrdlty of such mferences and thelr acceptabhty by most cancer 

researchers, there axe no doubt occasions m whch observations 111 &s may be of hghly 

uncertzilll relevance to humans 

RFPapr200 b B-6 040591 



Consistently posmve results m the two sexes and 111 several strams and sptaes and hgher 

madences at h&er doses consotute the best evxience of carcmogematy More often than not, 
however, such data an not avdable. Instead, because of the name of the effect and the huts 

of detexaon of d tests as they are usually conducted, expenmental data leadmg to a positwe 
findmg sometunes banly exceed a statumal thrcshold and may mvolve tumor types of unccrtam 
relaoon to human camnogenesis. Interpretaoon of some d data may thmfm be cbfficult. 

Nomthstandmg uncutamoes assmated unth mterpretaoon of some d tests, they have, m 
general, proved to be nhable mdxatars of carcmogemc propcfles and will conanue to play a 
pivotal role m efforts to idenofy camnogens 

0 

3 1 3  Short-Term S e e g  
Considerable expenmental evidence supports the pmposiaon that most chemcal camnogens are 
mutagens and that many mutagens are camnogens As a result, a positwe response 111 a 
mutagemcity assay is supporhve evidence that the agent tested is lrkely to be carcmogenu: Such 
data, m the absence of a posiave d bioassay, are m l y ,  If ever, sufficient to support a 
conclusion that an agent is carclnogcmc Because short-term tests are rapid and mexpcnsivc, they 
are valuable for screening chcrmcals for potenhd Camnogemcity and lendmg addmonal support 

to observaaons h m  lLNmal and epidermolopc mvesQgaoons 

@ 

3.1.4 CornDansons of Molecular S trUCturt 

Compansons of an agent’s chermcal or physical p-es wth those of known carcmogens 
prowdes some emdence of potential camnogemcity Expenmental data support such associaaons 

for a few structural classes; however, such studrcs are best used to idenhfy potenoal carcmogens 
for further mvesogation and may be useful 111 pnonty-semg for carcmogematy testmg. 

3 2  STEP2, DOSE -RESPONSE ASSESSMENT 
In a small number of mstances, epidermologc data peamt a dose-response relation to be 
developed dmxtly from observaoons of exposure and health effects m humans. If epidemologx 
data are avdable, extrapolaoons from the exposures observed m the study to lower exposures 
expenenced by the general populatlon are often necessary Such extrapolatlons mtroduce 
uncemunty 111to the esumates of nsk for the general popdahon ~ n c m h e s  also anse because 0 
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the general populaoon mcludes some people, such as children, who may be more suscepoble than 

people m the sample from whch the epidermologc data were developed 

The absence of useful data is common for most chermcals bemg assessed for caranogemc effect, 
and dose-response assessment usually enads evaluatmg tests that were perfarmtd on rats or a c e  
The tests, however, typically have been designed for hazard identdicaoon, rather than for 

determmng dose-response relaoons Under current testmg pracuce, one group of d s  is 

gwen the hghest dose that can be tolerated, a second group is exposed at half that dose, and a 

control group is not exposed. (The use of hgh doses is necessary to max~rmze the sensiuwty 
of the study for &termhung whether the agent bemg tested has carcmogemc potenual.) A 
fmdmg m such stu&es that mcreased exposure leads to an mcreased mcidence has been used 

pnmanly to cotroboT8tt hazard iden~caoon, that is, to show that the agent does mdeed mduce 

the adverse health effect. 

The testing of chermcals at hgh doses has been challenged by some saenosts who argue that 

metabohsm, or chermcals Mer at hgh and low doses, i.e., hgh doses may overwhelm normal 
detodcaoon mechmsms and prowde results that would not occur at the lower doses to whch 

humans are exposed. An adchoonal factor that is often med to challenge the v W t y  of d 
data to m&cate effects zn man is that metabohc Merences among d s p e s  should be 
considered when 8IllII181 test results a~ analyzed. Metabohc Merences can have mportant 

effects on the v&&ty of extrapolatmg from d s  to man rf, for example, the actual carcinogen 

is a metabohte of the admmstexed chermcal and the d s  tested M e r  markedly from humans 

m thew produchon of that mctabohte A related pomt is that the actual dose of cmmogen 

reachmg the affected trssuc or organ is usually not known, thus, dose-response mformaoon, of 

necessity, is based on arirmmstcrcd dose and not ussue dose Although data of these types would 

certatnly mprove the basls far tXU’apolaMg from hgh to low doses and from one species to 
another, they m =cult to acqm and often unavalable 

0 

Regulators are mterested m doses to whch humans mght be exposed, and such doses usually 

are much lower than those admmstered m d stuhes. Therefm, dose-response assessment 
often requlres eXtrapO1aMg an expected response curve over a wde range of doses from one or e 
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a 
two actual data pomts. In addmon, chffcrcnces m size and metabohc rates between man and 

laboratory animals q u e  that doses used expenmentally be converted to reflezt these 
Merences. 

33 sTEP3. EXPOSURE ASSESSMENT 
"he first task of an exposure assessment is the &termmation of the conccntraaon of the chermcal 
to whlch humans are exposed Thls may be known from dmct measurement, but mom typically 
exposure data arc mcomplctc and must be esamated. Models for estmatmg exposure can be 
complex, even m the case of structured acanty, as occurs m the workplace Exposure 
measurements made on a small group (e g ,  workers m a part~cular mclustnal firm) are often 
apphed to other segments of the warker populatlon 

Exposure assessment m an occupaaonal setting consists pnmanly of estmaaon of long-term 
avbarne exposures m the workplace; however, because an agent may be present at vanous 
concentraaons m &verse occupaaonai settmgs, a census of exposures is Mficult and costly to 

conduct. In the commwty e n m m n t ,  the ambient concentraaons of chermcals to whch 
people may be exposed can be estimated from ermssion rates only d the transport and fate 

processes are known Alternaave engmeenng control opaons reqm chffennt e s m t e s  of the 
reduction m exposure that may be acheved. For new chemcals with no measurement data at 
all, rough esmmons of exposure arc necessary. 

Some chemcal agents a~ of concern because they are present m foods or may be absorbed when 

a consumer product is used. Assessmeats of exposure to such agents are complrcated by 

vanaaons m b t  and personal habits among Werent groups m the populaaon Even when the 
amount of an agent in a food can be measured, Merenccs m food storage pract~ces, food 
preparaaon, and dletary fnquency often lead to a wde vanaaon m the amount of the agent that 
mdwduals mgest. Patterns of use Sec t  exposure to many consumer products, for example, a 
solvent whose vapor is potentdy tomc may be used outdoors or it may be used m a small, 
poorly ventdated room, where the concentrauons of vapor m the aw is much lugher 
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4.0 USER'S GUIDE: RADIONUCLIDE CARCINOGENICITY 

The Health Effects Assessment Summary (HEAST) Table C summatlzes the cancer slope factors 

and uNt nsk values far selected donuchdes of potenhd concern at Superfund sites 
contammated wth radloachVC matenah Fhhonuchdcs speclfic to Sites 200-202 am luted m 
Table B 1 Thew values were calculated by the office of Rdahon Programs (OW) and are 

mtended for use by EPA nsk assessors dunng human health nsk assessments conducted as part 

of the Superfund remedml mveshgahon/feasibfity study (RUFS) process HEAST users should 
apply these values as specified by the radmnon nsk assessment pdance prowdcd rn tlus sectton 
and m Chapter 10 of the Risk Assessment Gudance for Superfund, Volume I, Human Health 

Evaluanon Manual, Part A (EPA/540/1-89/002), whch is avadable fmm the Center for 
Enwonmental Research Informahon at (513) 569-7562 As nsk assessment methodologm am 

refmed, slope factors and u t  nsk values wdl be remsed and updated m Table B 1 

EPA classlfies all mhonuchdes as Group A carcmogens based on theu property of emmng 
iompng radlahon and on the extensive weight of ewdenct provided by epidemologxal stu&es 

of rdanon-mdced cancers m humans Data denved from both human s t u b s  and d 
expements m used by EPA to construct mathemancal models of exposure, dose, and nsk to 
eshmate mbonuchde slope factor values These models consider pathways of exposure, the 
dstmct metabohc behawor of each element by compound and the mholog~cal charactensacs of 
each nuchde of concern, the tllnt and durahon of exposure, the I'adIosensihwty of each target 
organ m the body, the latency penod far cancer expression M these organs, and the age and sex 
of mdmduals m the exposed pop~hon.  

@ 

Slmtlar to chexmcal nsk models, rabahon models extrapolate cancer nsks at low dose and dose 
rate exposures from nsks observed at hgher doses usmg non-threshold, hear dose-response 

relaaonshlps, Because of the radmhon nsk models employed, slope factors for donuchdes axe 
charactenzed as best eshmates (1 e., m u m  Wehhood eshmates) of the age-averaged hfetlme 
total excess cancer nsk per mt mtake or exposure HEAST users should consult Volume I of 
the Background Infcnmanon Document far the Draft Enmnmental Impact Statement for 
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Proposed NESHAPs for monuchdes  OEpA 520/1-89-005) for a more detluled chscussion of 
EPA's c m n t  radmaon nsk assessment methodology 

QuanhtatiVe camnogemc factors hsted m Table B 1 mclude the followmg 

slope factor = nsk per umt lntake of exposure = nsk per pcl lnhaled or mgested or as 
nsk per year per pWm2 due to external exposure 

pathway-spcclfic umt nsk = nsk per u t  concentraaon m au, dnnhng water or sod 
(external exposure) = nsk per pCJm3 (au), nsk per p a  (water), nsk per pWg 
(external exposure), or nsk pCJg (sod mgesaon) 

Umt nsk estunates for au, mhalatlon, dnnlang water, and sod mgesaon pathways prowded m 
Table C were calculated by mulaplymg the appmpnate lnhalaaon and mgestion slope factors by 

the rnhdaaon rate (ZO m3/day), the water mgesaon rate (2  day), or the sod mgesaon rate 
(109 mg/day), respechvely, and by multiplymg a l l  values by the total number of days ln 70 years 

(1 e ,  by the Meme exposure = 365 days& x 70 yrs = 25,550 days) Hence* 

nsk per pcI/L (water) 

= slope factor (nsk per pc1 mhaled) x 
20 m3/day x 25,550 days 

= slope factor (nsk per p a  mgested) 
x 2 Uday x 25,550 days 

nsk per pWg (sod) (sod mgested) = slope factor (nsk per pCi mgested) 
x ([02 @day x 1,825 days] + [0 1 
@day x 23,360 days]). 

The designaaons "D," "W," and "Y" presented under the headmg "ICRP Lung Class" m Table C 

refer to the lung clearance tunes for mhaled pmculate rasllonuclldes expressed as days @), 

weeks 0, or years or), as recommended by the hternahond Comrmssion on Rad~olog~cal 

Protection (ICRP). "GI 

Absorptlon Factors, f," m the fracaonal amounts of each donucl lde  that may be absorbed from 

the gastromtestmal (GI) tract mto blood followmg an oral mtake The ICRP lung clearance rates 

and GI absorption factors prowded m Table C are default values used by the EPA to calculate 

donucl lde  slope factors for mhalaaon and mgeshon exposures, respectively. Appllcatlon of 
values other than those speclfied m Table C wdl result 111 slope factors and u t  nsk estmates 

Oastous mhonuchdes, e g ,  Rn-222, are assigned to class "g." 
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Mferent from those prowded m the table At this tune, EPA recommends that nsk assessors 
should not replace or subsatute for the default values hsted 0 
Values hsted m Table C for external exposure are best eshmates of the hfehmc cancer nsk due 
to the d a t i o n  of an m&wdual exposed to gamma-emmg mbonuchdes d d y  mrxed m 
sod. Umt nsk estunates for this pathway were calculated by multiplymg the appropate ground 

surface slope facturs by the effectwe surface density of sod (LC ,143 kg/m2 = 0 10 m [sod depth] 
x 1.43xld kg/m3 [sod density]), and by mulaplymg all values by 70 years (1.e , by the hfeme 
exposure) Hence, 

= slope factor (nsk per year per 
pCdm2) x 143 ks/m2 x I d  (g/kg) x 
70 years. 

To estmate nsk-spec& CO~centrahOnS m au from the u t  nsk m au as presented u1 Table C, 

the spcclfied level of nsk is &wW by the u t  nsk for au. Hence, the au Concentrahon (in 
pCdm3) corresponctng to a best estunate of the mcreased hfeame cancer nsk of i x i ( ~ ~  is 

0 calculated as follows: 

pcJm3 an = 
ulllt nsk rn @Wm3) ' 

Szrmlarly, to estlmatr. nsk-specific conctntrabons m water and m sod (mgestion exposure), the 

specified level of nsk 1s &wded by the w t  nsk for dnnlang water or sod mgesaon Hence, the 

water concentraoon (m pcI/L) cmspondmg to a best eshmate of the mmased Metme cancer 
nsk of i x i ~ - ~  is calculated as foflows 

1~10-~ pCJL m water 
= u t n s k m  @W)' 

e 
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and the sod concentraaon (m pWg) correspondmg to a best estllIl8tt of the mcreased hfetune 
cancer nsk of ixiOS is calculated as follows 

m t  nsk m @Wg) pCdg m 
(mgesaon exposure) = (soil mgesQon) 

To estmate nsk-sptclfic conctntratxons m sod from the m t  nsk from external exposure as 

presented m Table C, the specified level of nsk is &mded by the tuut nsk for sod. Hence, the 
sod concentraaon (m pCl/g) corresponhg to a best estunate of the mcreased Metme cancer nsk 

of 1x105 1s calculated 85 follows. 

1x105 

sod mt nsk m @Wg) 
(external exposure) (external exposure) = 

4 1 RISK CALCULATION - USE OF SLOPE FACI'ORS 

The rachonuchde slope factors m Table C of HEAST are the age-averaged Meme excess total 

cancer nsks per tuut mtake or exposure An estmate of the total hfetune excess cancer nsk due 
to contmuous m t e d  hfetum exposure (1.e. a 70-year average Mespan) to a mhonuchde is 
thercfm. 

where 

= total h€&mc excess cancer nsk 
SFL = HEAST rachonuchde mtake slope factor (PO)" 
I = annual radtonuchde acamty mtake (pCdyr) 
TL = 70-year Metme exposure (years) 
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An estmate of the total Metme excess cancer nsk due to conmuous external exposure to a 
Monuchde deposml on ground surfaces is* 

where 

= total hfeMlt excess cancer nsk 

= mbonuchde conctntrahon m sod @Cl/g) 
= 70-year ldehmc exposure (years). 

SF, = HEAST radtonuchde external exposure slope factor (yr - p a )  
C 
TL 

External slope factors do not mclude contnbuuons from decay products In some cases, these 

contnbuhons can be substanhal and should be factored mto the nsk calculahons. For example, 

to estlmate the total Metme excess cancer nsk due to continuous, hfetme external exposun to 

sod contammated wth Pu-239, and Pu-240 (assurmng secular equlh~um) should be calculated 
as the summation of the nsks contnbutcd by Pu-240 and the decay product that emts photon 
rachahon, such as Am-241 

The content of slope factors for chermcals has been well estabhshed by tomcologms to quanafy 

nsks of chermcal-mdued cancer based on chermcal mtake-response curves EPA recently 
adopted th~s methodology to quant@ dahon-mduced cancer nsks for radtonuchdes m HEAST, 
Table C The HEAST slope factors for 

radtonuchdes that 8n potenaal chemcals of concern at MSS are presented m Table B.l. Before 
mtroducmg EPA's methodology for donuchde slope factors, it is necessary to descr~bc the 
convenhonal approach to nsk assessment. A descnphon of mternal exposure is presented 
because the calculation for thts route of exposue is sufficient to furtllsh a clear parad~gm of h s  

standard methodology. 

"Ius is novel for all Molopcal nsk assessors 

4 2 DESCRIPTION OF CONVENTIONAL METHODOLOGY FOR RADIOLOGICAL RISK 
ASSESSMENT 
Convennonal nsk estimaoon for chromc mtake of a donuchde mvolves two mdependent and 

separate steps The first step is to calculate the hfetune Comrmtted Effechve Dose Equvalent 
(CEDE) fiom the chromc hfehme mtake of the donuchde The CEDE is the weighted sum 
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of the total dose equvalent m target organ(s) deposited over the SO-year penod followlng the 

mtake of a radlonuchde. The absorbed dose m the target organ(s) IS calculated usmg ICRP 
respvatary and GI tract models (ICRP, 1979) The second step is to esamate the nsk associated 
unth the Meame CEDE 

In the first step, the Metime CEDE is obmed by mulnplymg the dose conversion factor (DCF), 

the CEDE per u t  mtakc, by the total mtake over the 70-year Meam 

CEDE, = hfeme comrmtted effecnve dose equvalent (mrem) 
I = annual radtonuchde acnvlty make @C*) 
TL = 70-year Metime exposure (years) 
DCF = dose conversion factor (mm/pCi). 

In the second step, the radtanon-mdud cancer nsk is esmted usmg a nsk coeffiaent (excess 
fatal cancerdmrem) to relate the Metme CEDE (mrem) to the Metune excess radtogemc cancer 

deaths ICRP hbhcanon 26 (ICRP, 1977) and NCRP hbhcanon 91 (NCRP, 1987) recommend 
the use of age-mdependent nsk cotffiaents of 1 2 5 ~ 1 0 ~  and 100x106 excess cancer deaths, 
respecnvely, for every u t  CEDE (mrem) Ieceived to assess the Meme excess fatal cancer nsk 
Followmg is this recommendanon 

where 

RL = Metime excess fatal cancer risk 
RC, = hfetime fatal cancer nsk per umt dose (mrem) 
CEDE, = hfetime comrmtted effecnve dose equvalent (mrem) 

Thus, based on the DCF that uses the 50-year dose comrmtmcnt model, the CEDE from a 

constant C ~ O N C  exposure is considered to be mvanant over the mdwdual’s 70-year hfeme 
Because each step esamates cumulanve dose and nsk over 70 years, both the Meme dose 

equvalent and the Metme radtatlon-mduced nsks rn obtruned and can be u & z d  mdepcn&ntly 
m the decision-makmg m e s s  
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The followmg is a descnpaon of EPA’s methodology to calculate the slope factors for both 

mternal and external exposure to donuchdes. 

4 3 DESCRIPTION OF EPA’S METHoDoLoGY FOR SLOPE FACTORS 
4 3 1 Internal Exwsuq 
There axe three mam steps mvolved m EPA’s estmaaon of the nsks due to exposure to u t  

mtakc of a nubonuclrdt. (1) the annual dose to suscepable organ(s) m each year of hfe is 
calculated; (2) the annual dose m each year of hfe IS related to the age-dependent cancer nsk, 

and (3) the h f e m  cancer nsk is obmed by sumrmng the annual mks to a hypothetxal cohort 

wth an actuanal Me table 

In the first step, EPA calculates mstantaneous hgh- and low-hear energy transfer (LET) 

absorbed dose rates and annual doses for each organ followmg one uNt of urhaled or mgested 
donuchde at a constant rate for a Metune exposure The mternal dose models (GI tract and 

lung models) that EPA uses to calculate doses are age-mdependent and are s m h r  or idenacal 
to the models used m ICRP (1979, 1980, 1981) 

In the second step, the nsk of fatal cancer from each year’s dose is calculated usmg age- and 
organ-specdic nsk models adapted from the BEIR III report (Naaonal Academy of Sciences 
[NASI 1980) These nsk models used by EPA are desmbed m the followmg paragraphs 

To project the number of daaon-mduced leukema and bone cancer fatahaes, EPA uses an 
absolute nsk model, a 2-year latency penod, and a 25-year expression p o d .  An absolute nsk 
model predxts an absolute annual number of excess fatal cancers m future years m the case of 
a populaaon exposed at a gwen age per uNt dose 

To estmate the number of fatahes resulting from other cancers, EPA uses a relaave nsk model, 
a 10-year latency p o d ,  and the mnamdcr of an exposed person’s hfetme as the expression 

penod. The relaave nsk model projects the currently observed percentage mcreasc m annual 

fatal cancer nsk per u t  dose mto future years (1.e , the mcrease is promonal to the underlymg 

[background] fatal cancer nsk) 
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A central feature of h s  methodology is that it allows for other causes of death, so-called 
l'competmg n h "  occurtrng wthm the latent pend m the estunatlon of Metune mimoon nsla 

If an mdmdual that had been exposed to radmttOn m a gven populauon &ed either accidentally 
or from natural causes, befare the cancers resdMg fkom uradtauon arc expressed, th~s death 
would not be counted as a radmuon-mduced fatahty A Me table consists of data descnbmg age- 
spcclfic mortahty rates from all these competmg nsks. A Me table consists of data descnbmg 

age-speclfic mntahty rates from al l  causes of death for a gven populaoon EPA uses mortahty 
data h m  1969 to 1971 Umted States populauon (Nauonal Center for Health Stausucs [NCHS] 

1975) m h s  nsk estmahon 

To unplement the Metme nsk estmauon, EPA uses both absolute and relauve nsk models (as 

m the second step) m conjuncuon wth actuanal Me tables (as m the thd step) to estimate the 
number of mcremental fatahues 111 a gwen populauon, or "cohort," due to &atlon-mdutd 
cancer m the reference organ as a result of the annual dose of each year of Me The hypotheod 
EPA cohort conslsts of 100,OOO persons born at the same pmt and all subject to the same 

competing nsks of death throughout thew Metunes Radnuon expos= is assumed to begm at 

buth and conMue throughout the Metune of each mdmdual By applymg the 1970 age-specrfic 
mortahty data for all causes, thls populatton of 100,OOO persons is reduced for each year of Me 
until all members of the cohort have &ed at 110 years 

The mcremental number of deaths m the cohort due to &anon-mduced cancer for a gwen organ 

IS estunated for each year u m g  appropnate nsk models and the calculated doses dunng that year 
and relevant precedtng years. The total number of mcremental deaths for the cohort is obtamed 
by sumrmng the mcremcntal number of deaths for each year over all organs for 110 years 
Therefore, the age-averaged Meme excess fatal cancer nsk per u t  mtake of the honuchde 
is sunply the average number of mcremental deaths over the 110 years for each mdwdual m the 

cohort 

The honuchde slope factors m HEAST, Table C, are the age-averaged Metune excess total 

cancer nsks, mstead of fatal cancer nsks, per mt mtake Each slope factor has been calculated 
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by c2lwdmg the excess fatal cancer nsks for the rdonuchde by the mortality to mcldence nsk 
mho for the type(s) of canax mduced by the radlonuchde I 0 
4 3 2  ExternalExDo SUrC 
EPA nsk tShmahOn far exposure to sod contarmnattd wth gamma-ermttmg radlonuchdes is 
based on the SCCIL(LI~O that an mdmdual stands on an &tely h c k  slab of sod wth a Worm 

source concentrahon far hs entire Me (e g , a 70-year average Me span) Thls EPA scenano 
mvolves three m steps 

In the fitst step, the absorbed dose rate m au at 1 m above ground (whch represents the average 
height of body organs far an mdnndual standmg on the ground) must be calculated. To manage 
complxated calculahons far photon attenuahon and scattenng sod, EPA smpMes the situahon 
by assurmng that mstead of standmg on the mfhtely duck slab of sod, dus mdnadual stands on 
a smooth d i t e  plane source unth a cert82n d o r m  surface concentraaon Thls surface 

concentrabon is obtiuned by c o m g  the entm quanhty of radloachvlty wthm the top 10 cm 
of the sod slab to the very ground surface (zero depth) mstead of d u r m l y  chspersmg it m the 

sod Consequently, EPA's hypotheucal plane source wth the ztroatpth acawty considers no 

sod sheldmg far the m&wdual. EPA's   IT and organ dose rate(s) calculanon and the assmated 
nsk eshmanons, whch wdl be &scussed later, rn thexefm based on the hypothehcal plane 
source model mstead of the &wly thlck slab source model The conversion between the sod 

concentrahon @Wg) M the sod slab and the EPA hypotheucal surface concentraoon can be 
obtamd from the sod density of 1 43xld (kg/m3) and EPA's 10 cm sod depth concern One 

u t  of sod concentmuon (1 pWg) M the slab would correspond to a hypothehcal surface 

I concentmaon m the followmg manner: 

1.43xlV (pcdd) = @Cl/g)xO.l (m) (depth)x143xl@ (kg/m3) (density)xl@ (@g) 

whexe 0 1 m (sod depth) x 1.43xld kg/m3 (sod density) = 143 kg/m2 1s the effechve surface 
density of sod 

One wt of surface concentrahon (1 P a m 2 )  on the sod surface would correspond to a I 
concentrahon rn the slab m the followmg manner 

(1 43xlV)" = 7x106 @Wg) 
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Thus, mstead of calculatmg the ax dose at 1 m above an mfhtely h c k  sod slab source, EPA 
calculates the (ut dose rate at 1 m above a hypotheacal &te plane some If an mdlvldual 

is actually standmg on a d o r m  slab some wth a sod concentranon of 1 pWg, EPA would 
mport the 1 m au dose rate, hu organ dose rate(s), and the assoaated cancer nsks the same as 

those obtruned h m  a plane source wth a surface concentrahon of 143xld pWd On the 
other hand, EPA’s report for the cancer nsks from one tuut of surface concentranon (1 pCVcd) 
is mcant to be for the actual SitUahOn If the mdmdual is exposed to a d o r m  slab some wth 

a sod concentranon of 7 x l v  pWg. 

@ 

In the second step, the absorxd rate m a u  must be converted to an organ dose rate The rabo 

of the organ dose rate has been calculated for vanous organs at vanous photon energes for the 
case of Immersion 111 contammated ax. Ideally, a separate set of the mho values would be used 

for the angular and spectral btnbunons of mcident photons from a UIllform plane source. 
Because these data are not available, EPA uses the same set of the ran0 values for the air 

mersion case as for the ground surface case 

In the thd step, the annual dose 111 each year of Me is related to the age-dependent cancer nsk, 
and the Metune cancer nsk is obmed by sumrmng the annual nsks to a hypotheacal cohort wth 
an actuarial Me table Thls step is a combmatton of steps (2) and (3) descnbed m Sccnon 4 3.1. 

The nsk from each year’s dose for each organ as obwed from step (2) is agam calculated usmg 

EPA’s Me table concept m conjunction wth the age- and organ-specltic nsk models The total 
number of mcremental deaths from Metune ground surface exposure m the 100,000-person cohort 
is also obmed by sumrmng the lnmmental number of deaths for each year for 100 years The 

age-averaged Meme excess fatal cancer nsks per u t  surface concentranon of a racbonuclide 
is the average number of mmmental cancer deaths over the 110 years fur each mdwidual m the 
cohort. Usmg the rrmahty-t0-madence nsk ran0 far the sigdcant types of cancer that the 

external exposun may mduce, EPA converts the fatal cancer nsks to the total cancer nsks as 

r e q d  for the slope factors 
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4 4  COMPARISON BETWEEN CONVENTIONAL AND EPA’S METHODOLOGIES FOR 

RISK ASSESSMENT 
There are two pnnapal Mcrcnces between the conventional and EPA methodologm for 
rad~olog~cal nsk assessment. First, the convenoonal nsk estmaoon method produces an estimate 
of the nsk of radiogenic cancers that arc fatal and uses an age-mdependent nsk coeffiaent. The 
EPA nsk eshmaoon method produces an estmate of the nsk of all cancer mcidence and employs 
age-dependent nsk coefficients Second, the convenoonal nsk estunation method mvolves 
calculation of dose (CEDE) before calculation of cancer nsk. The EPA nsk estunabon 
methodology usmg HEAST slope factors eshmates cancer nsk Civectly from eshmated 
rachonuchde mtakc and bypasses calculation of CEDE. Calculating the CEDE mvolves much less 
uncertrun models than estlmabng dogemc nsk. Thls is one m reason why the convenbonal 
nsk assessment for a hfetme d a o o n  exposure mvolves calculatton of hfehme CEDE The 
convenhond methodology separates the more ce~t8111 step (hfehme CEDE calculauon) from the 

less ce- step (life- nsk esmtion) m the nsk assessment process Thls enables the 

radiolog~cal nsk assessors and nmedlal acoon decision makm to use both dose and nsk 
parameters, taking mto considemaon the degree of confidence and certamty m each 

The convenfional method provides a fundamental parameter (1 e ,  the hfetme CEDE from a 
chromc exposue to a donuchde) that prowdes for companson of the hfehme CEDE wth 

estabhshed dose h t s  The hfetune nsks assmated wth the Meme CEDE depend on only one 
factor the nsk per u t  effecove dose equvalent, wluch is subject to vmbon as new sclentlfic 
dormation used to develop nsk cotffiaents becomes avadable In EPA’s methodology for 
estlmatlng the Me- radrogemc nsk usmg slope factors, the step mvolmg dose estimation is 

m&smct, theRfore, the calculated Meme dose equvalent 1s not avaslable Thus, the 
racbonuchde slope factors only provide the relationshp between the hfetune mhogemc nsk, 
whtch has a relaavely lugh magnitude of uncemty, and the radloacbvity mtake Superfund 

racbologml nsk assesson also need to calculate the hfetme CEDE as used m the convenhonal 
approach to fmsh mom scient& mformation for decision makers. Thls is even more mportant 
at present because the slope factors for &onucMes are undergomg remew and revision m 
HEAST, Table C. 

I 
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1.0 SOME CONCEPTS OF RISK ASSESSMENT 

The p a p a l  a m  of radtatlon protechon is to reduce the nsk of demmental health effects from 
nubaaon exposure. Ruk has been defined as the probabdq that a detnmental health effect Wrll 
occur m an m&v~dual ar populaaon. Mortahty nsk factors am helpful m Idenafymg levels of 
nsk assocmted wth vanous m w m s  and occupatlons. Mortahty nsk facturs are hsted 111 

Table C 1 for vanous events. Almost every aspect of modern hvmg exposes people to health 

nsks. Thls table hsts the esamated nsk of death to an mcbwdual from vanous human-caused and 

natural accldents In all cases the numbers kstcd m th~s table are only estunates based on the 
best guesses that can be made unth our present knowledge. 

One of the reasons for the lack of undcrstanhg about nsk is the manner m whch nsk data arc 

typically presented. Ruk values are calculated based on mortahty rates whch are usually 

numbers of an arder of 106 per year The average person has httle expenence unth exponential 

notahon and consequently httle pept lon of the true sigNficance of the data. A lob nsk 
mcreases the chance of death by one person per d o n  people exposed that nsk. 

h k  is usually expressed as either absolute nsk or relatlve nsk. When apphed to radtatlon 
0 

exposure an mdmdual’s absolute nsk of mort8llty far a specific cause such as cancer is the 
excess nsk from exposure added to hs/her background nsk of death from cancer The tern 
hfetune excess cancer nsk is used to desmbe the portion of absolute nsk resultmg from 
exposure 

The carclllogemc m k  of the cancer risk factor (lifetune excess cancer risk) p w & s  an estmate 

of the addmod mcldence of cancer that may be expected m a population exposed to a gwen 
contammantt A nslr of lo’, far example, mdxates a probabhty of one addnonal case of cancer 

for every 100,OOO people exposed A nsk of lob would be 1 c8se m 1 &on p p l e  exposed 

(EPA 1985). On an m & d u a l  basis the cancer nsk factor descnbes the adcbonal nsk of death 

from cancer mcurred as a result of exposure 
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TABLE C.1 

PROBABILITY OF DEATH BY VARIOUS CAUSES' 
(U.S. Populauon Average for 1978) 

< Y 

Motor Vehcle 
As Transpart 
Rrulway 
Falls 
Fue 
Dr0-g 
lndusaal 

Elecmuuon 
Explosion 

FuearmS 

A e d m  .. 
52.41 1 
1,880 

602 
13,690 
6,163 
5,784 
5,168 

984 
562 

1,806 
t3bMmm 

-- 

1 28x102 
6 Ox104 
2 h104 
4 4x10'' 
2 0x10-3 
1 hi03 
1 7x104 
3 2X1O4 
18x104 
5 8x104 

CaNllovasCular 
M&gnanaes (cancer) 
Muenza/Pneunoma 
[)labeteS 

964,OOO 
396,720 
58,230 
33,800 

N*&ml mW#% 
L1gh-g 160 5 iX10-5 

Tomadoes 118' 3 8 ~ 1 0 ~  
Humcanes 9od 2.9~10" 

*EP& 199Ob 
B a d  on total U S. ppulahon 
1953-75 average 
1901-71 average 
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The carcmogemc nsk posed by exposure to a mbonuchdc depends upon three factors dosage 
(estmated mtake), the camnogerm potency of the chemcal (cancer slope factor) and the 
exposure duraoon. 

e 
The catclnogemc potency of a substance depends, m part, upon its mute of entry mto the body 

(e g , mgesuon, urhalauon, or dermal). Therefore, cancer slope factors (CSFs) are classified 
accodmg to the mute of admuusmuon that is apphcable to the expenmental or cpidcmologwl 
data from whlch they were h v e d .  The EPA and other organmuons have developed potency 
factors for the mgesuon and/or rnhalauon routes for some cmogens  

The length of exposum to a radronuchde must also be taken mto account m the calculmon of 
camnogem nsk smce cmogemc potency factors arc based on long-tern lowdose exposure 
and carclnogemc nsk is assumed to be proporhonal to dose 

Absolute nsk talces lnto account the added nsk h m  exposun and background nsk. Sitc-spccdic 
absolute nsk (AR) can thus be defined as 

a AR (cancer death) = Background Risk + Risk from Exposure to Plutonium 

Based on the consematwe assumpnons presented m the genenc nsk assessment, the added nsk 

from residenual exposure from all  pathways m an area of plutomum contammuon would result 
m an mcrease of 6.9x1U9 nsk for a plutomum concentmuon of 001 pWg, an mcreasc of 
6 9x10’ nsk for a concentmnon of 0 1 pcJg, and an mcnase of 6 !hi@’ nsk for a concentmuon 
of 1 0 pWg, and an maease of 6.9xlab nsk for a concentmuon of 10 pWg 

To put thls nsk m perspecave, the natural cancer mortahty rate for the U S. is about 20 percent. 
However, far dlustratwe purposes we wdl use the values stated by EPA m Table C 1 of 
13 percent. An mdmdual’s absolute nsk of dymg from cancer due to a 30-year exposure to 

plutonium m sods dunng a 70-year h f e m  would maease from 0 13 to 0 13- at 0 01 
pWg and 0.130000007 for 1 pCl/g based on genenc nsk assessment assumptions Table C 2 

hsts the overall maease m absolute nsk resultmg from long-term exposure to plutomum 111 a 
resxienaalsetang 
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TABLE C.2 

OVERALL INCREASE IN RISK FROM EXPOSURE 
TO PLUTONIUM IN SEDIMENTS AND SOILS 
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2.0 GENERIC RISK CHARACTERIZATION 

The EPA has requested that a genenc nsk characterization be developed to assist the reader in 
placrng the p n p a l  nsk from plutomum in sods in perspecave. Two EPA documents w m  
pmapally u t h e d  to obtam general emssion, transport, and human uptake values. The two 
documents were the ' T r a n s m c  Elements," EPA 520/1-90-015 and 016, June 1990, U.S EPA 

Au and W m o n  Programs, and the "Exposum Factors Handbook," EPA/600/8-89/043, May 

1989, U.S. EPA office of Health and Enmnmental Assessment. These values were then used 
to perform calculaaons based on the formulas found m Chapter 10 of the k s k  Assessment 
Gudance (RAG) for Superfund Human Health Evaluaaon Manual, Part A, Interm Final, U.S. 

EPA office of Emergency and R e d d  Response, September 1989 In addmon, the Health 
Effects Assessment Summary Table (HEAST) was UW to calculate pathway-spectflc n& 

2.1 EXPOSURE PATHWAYS 

The g e n m  nsk assessment uses human uptake values pubhshcd m prcwously atcd EPA 
documents 

The followmg exposure pathways have been retamed m the genenc nsk assessment because of 

the= potenhal to be avdable to human xxeptm based on the cumnt and future land use 

condmon of resldenhal home settmg: 

Water ingesaon of soluble plutomum 

Water mgesaon of suspended plutomum 

Ingestton of aquat~c species 

The reccat~onal scemo rems the pathways hsted above wth the adchtlonal 
pathways of: 

- 
- InhalaQon of resuspended sod-sedtment 

Ingestton of plutomum m sod as exposed sedments 
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2 2 EXPOSURE PATHWAY ASSUMPTI ONS 
In calculahng risks to the general pubhc m h s  report, the estmates of exposure are performed 

considctlng an apprapnatt mdwdual that is presumed to r e m  at the pomt of sptclfic p0tent.d 

exposure (0 01 pcJg, 0 1 pWg, pWg, 10 pwg) at all hmes of theu Metunes -- 24 hours per 

day, 365 days per year, for 30 years -- and makes ordmry use of the contarmnated medu to the 
greatest extent posslble For example, h s  hypothencal mdmdual could breath only aw at the 
speclfitd contaxmnanon level on-site boundary, or mgest water whlle boatmg or swurrrmng. All 

dnnkurg water is assumed to bepwded dmctly from the lake/rcservous, and no filtraton is 

performed. Thus, the estmate of exposure or nsk to the general pubhc approxmates the 
reasonable xnaxmum exposure sctnano (RME) idenhficd by EPA gudance. 

I 

I 
I 

Intakes of plutomum have been estmated on the basis of the RME scenanos for both current and 
future land use condmons. The RME is defied by the EPA (1989) as "the hghest exposure that 
is masonably expected to occur at the site Thts concept is also set forth III EPA's prcamble to 

the adoption of the NCP. In the preamble, the EPA explruns that the concept of RME is 
designed to mclude all exposures that can be reasonably expected to occut; it does not focus on 
worst-case exposure assumpaons. only potenhd exposures that are k l y  to occur are to be 
mcluded m the assessment of exposures. The EPA further caunons agamst the use of unreahstlc 

exposure scenanos and assumptions. The RME is the product of factors that are an approprxate 
mture of values that are conservative m that they tend to overestmate nsk, but they are withln 

a reahtic range of potential exposure The SeleChOn of parameter values is based on a nuxture 
of values charactenstic of either average mdmduals or w h  a 95 percentde dutnbution for the 
pubhc to deterxmne a reasonable overall assessment of potenhal exposures to mdwduals. 

e 

Parameters that were common for all scenanos were used m the calculatlon of nsk as follows: 

1. Current and future land use scenano of recreation o c c m g  at the IWTVOK and 
lake 

2 On-site COnCentrahOn of plutomum III transport m d a  does not mcrease nor 
decrease over tlmt 

a 
3. An on-site au mtake of 10 cubic meters per day for a 70 Kg adult received over 

a myear duranon 

I 

I 
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4 

5. 

6. 

7. 

A water mtake of two-hters per day taken unfiltmd from the 1aktEnservov 

An average soll make rate of 109 grams per day for a 70 Kg adult nceived over 
a 30-year Meme ( h s  npsents  a combmed 200 mg/day sod mgestlon rate for 
years 0-6 and a 100 mg/day sod mgestlon rate for years 7-30) 

A plutoxuum m sdment bioavadabhty of 100 percent based on the sod sedmcnt 
mgestlon and foodstuff pathway 

A cancer slope factor of 3,l~lO~~/pCi mgested, and a slope factor of 4.1x108Epci 
lnhalcd. 

Table C.3 dews the majar assumptlons used m the gcnenc nsk assessment for plutolllum rn 
serlmtnts. 

TABLE C3 

MAJOR ASSUMPTIONS USED IN THE GENERIC 
RISK ASSESSMENT FOR PLUTONIUM IN SEDIMENTS AND SOILS 

I Exp Duration 30 years I Intake 
Ingestion of Aqautic Species 

Inhalation of Airborne Particulate I Exp Duration I 40 years n 

56 dayhear 
120 Wday 

Exp Duration 
Exp Frequency 

I Exp Duration 40 years 
Intake I 02llterslday 

lnddental Ingestton of  Water 

' EXP - exposure 
RME - Reasonable Maximum Exposure 
Based on long-term wmd patterns near Rocky Flats Plant 
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Table C 4  summarues the nsults of the calculaaons prowdcd m the spreadsheets located m 
Attachment 1,  and Figure C-1, and Figure C-2 p w c k  a g r a p h  ckpimon of the excess cancer 

nsk far the coI1ScNaave nsidentd and rccreaaonal scenano, nspectwely. I 

Rewew of Table C 5  suggests that the added hfeamt excess cancer nsk far all potemally 

exposed members of the pubhc would be m the range of 7x10‘’ to 7 ~ 1 0 ~ .  These genmc 
estmates of Metme excess cancer nsk are wthm the U.S EPA’s target nsk range of lo4 to la6 
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3.0 SUMMARY 

The nsk values calculated far all of the vmous scenatlos and exposure pathways mdtcate that 
~e 

no llIlmtllcllt threat to the pubhc is produced from 239 Pu conccntraUons of 001 pWg, 0.1 
, P W ,  1 mg, 10 m g .  
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EXPOSED SEDIMENTS 
RESULTING FROM 
WATER DRAW DOWN 

I Concentration - Sediments (ml/g) 
Concentration - Aqueous (1) kd 

Concentration - Fish tissue (ml/g) (2) BcF I Concentration - Aqueous 

(3) SSC - Suspended Sediment Concentration 

lntermedia Transfer Factors 

Suspended Sediment Concentration - BCF'" Suspended Dust Load 

10ml/g 25 pg/m 20 mg/l 

(4) Aggregate range of literature and empirical values 
of kd for plutonium in freshwater systems 

I 
(5b ATSDR, 1990 
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SCENARIO RES1 DENTIAL R EC R EAT1 0 N AL 

Ingestion 
of Suspended 

Pu 

SOURCE 

Ingestion 
of Dissolved 

Pu 

RELEASE 
MECHANISM 

TRANSPORT 
MEDIA 

HUMAN 
RECEPTOR 
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I I *, 

Sed i m en t 

I Diffusion 

i 
Ingestion 

of Aquatic 
Species 

t 
I 1 I Advect'on' Convection I 

Ingestion 
of Exposed of Suspended 

Sediment 
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I n t i c d u c r i x  and Background 

D?lr,rAg t he  week of  Februsrj 23,  1970, r ep reseq ta t i J e s  of tne hater 

Q u a l i t ;  O:--ice v i s i t e d  tne  Roclcy F l a t s  Plant  of the Atomic Energ2 Cornis- 

.sic? (PEL) Located approximately 2 1  miles northwest or' Denver, Colorado, 

ketveen Goldeq m d  Boulder, tne  f a c i l i t y  i s  operated ~y t ne  Dow Cnemcel 

C m p n y  under con t r ac t  t o  t h e  AEC 

i n f o n a t i o n  on l i q u i d  rad ioac t ive  waste management p r a c t i c e s  at the  f a c i l i t y  

w d  the environmental surve i l lance  a c t i v i t i e s  i n  the p lan t  environs Cor- 

reswndingly ,  related d iscuss ions  on t h e  su rve i l l ance  a c t i v i t i e s  of t n e  

S t a t e  of Colorado w e r e  held w i t h  personnel of tne  Department of Health, 

Division of Air, Occupational, and Radiation Hygiene 

The purpose of the v i s i t  was t o  obta in  

Tne Water Qua l i ty  Office was represented by D r .  Milton W. L m e r i n g  

and Mr. Robert C Sco t t ,  both of t h e  Radiological  A c t i v i t i e s  Section, Divi- 

s ion  of Tec-hnical Support, Cincinnat i ,  Ohio, and Mr Thomas M. Carter, 

Missouri Besin Region, Kansas City, Missouri. I n  t h e  discussions witn per- 

sonnel of t n e  AEC and Dow Cheuucal Company, M r .  A. Hazle represented the  

Colorado Department of Health, Division of A x ,  Occupational, and Radiation 

Hygiene 

N o r n d  opera t ioq  of the  plant  involving t h e  productlon oi plutomum 

p a r t s  f o r  nuc lear  weapons r e s u l t s  i n  the release of mal1 quan t i t i e s  0: 

plutonium t o  the environment v i a  t h e  l i q u i d  waste treatment system 

t i o n  t o  t n i s  con t ro l l ed  and regulated release mode, acc identa l  p l u t o n i m  

releases hare  occurred on th ree  occasions: 

t 

I n  addi- 

a) a major f i r e  i n  1957, 

1 



a tercourcc  crossing t h e  plant boundor; and nearby ~ F L L S  md r e s e n r o l r s  

-re122t2.011s of i n e  p r o b c b i l l t l e s  o i  f u t u r e  fires, c .plosior,s, and c r i t i - e l i t y  c 

k prevlous Federa l  i r rspect ion of wrste disposal pract ices  rt t h e  30c.j 

Tlats P l m z  vas conducted an Deccmbcr 18, 1963, OJ A,r. k i t h  F. Chrlsna?, 3 

s z i r - i ~ l ~  engineer  in iic&ioL VIII, ntbllc I e a l t h  S c r ,  LCC, DcZartnerz c~f , leali  1, 

Sd-cat-on, md h'elfare 

x t e d  t h a t  tne C o l o r d o  L t a k  Depnrtncnt 01 ~ E ~ L  :ad conclJded znar. t n e  

facility iras not c source CI: d c t r ~ m e n t a l  water pollution 

L Z O A  -12s riot c ' l zyed  i n  t?c l?temcnznC: yea r s  

I 

12 rccor,ulcnding no nced i o r  rcmcdial  ac t io? ,  ii ~ E S  

':'he Sta:c's pas,- 

A. 



‘ a  

3 

T r e  fol lowing s e c t i o n s  of t n i s  reprt pertain t o  t!ie f ind ings  of 

t i e  February i n v e s t i g a t i o n  Tneref ore, discuss ion  of t r e  environments1 

l e r e l s  o f  plutonium i s  l i m i t e d  t o  s o i l ,  water, and bottom sediment A 

second re-prt w i l l  cover t h e  September 1970 study t o  d e t e r u n e  trie p lu to r -  

im l e I e l s  i n  the aquat ic  b i o t a  inhab i t ing  Great Western Seservoir  Bnd 

Standley L&e and the  gene ra l  d i s t r i b u t i o n  of plutoniun i n  the  b o t t o i  s e L -  

ment of G r e a t  Western Reservoir.  

Liquid Waste Management P rac t i ces  

A l l  material i n  the l i q u i d  waste e f f l u e n t s  irom tne  i i o c ~ y  F l a t s  Plant 

u l t i m a t e l y  reach G r e a t  Western Reservoir, a multiple-purpose r e se rvo i r  with 

a maximum s torage  capac i ty  i n  excess of 3100 ac re - f ee t .  Liquid radioact ive 

wastes, after d i l u t i o n  w i t h  t r e a t e d  s a n i t a r y  sewage, flow through a system 

of fou r  s m a l l  r e t en t ion  ponds connected i n  series The overflow from t n i s  

pond sys t ea  flows down t h e  south fork  of Walnut Creek, and subsequently, 

i n t o  Great Western Reservoir (refer t o  Figure 1). The mouth of Walnut Creek 

i s  approxinately fou r  m i l e s  downstream from the o u t e r  plant boundary Except 

du r i cg  t n e  sFring melt, flow i n t o  Great Western Reservoir from WaLrut Creek 

i s  comprised almost t o t a l l y  of l i q u i d  wastes from t h e  plant. Great Western 

Reservoir i s  the puol ic  water  supply source f o r  t h e  C i t j  of Broomfleld 

On-site d i scharges  of l i q u i d  radwastes are nade at severa l  bui ldings 

as indica ted  by the followme, l ist .  



Bi ld ing  
I d e ? t i f i c a t i o n  Number l la jor  Act iv i ty  Carried Out i n  t h e  B.nldin& 

441: Handling of uranium-contwinated macerial  

771 Plutonium recovery 

77'c Treatmerit f a c i l i t y  f o r  l zqu id  radwestes 

7-76 Holding tanks f o r  ladqdxy wastes ir3m 
Building 778 are l oca t ed  i n  t h i s  ?mildine 

779 LaDoratory 

€E31 Handling of uranium-contamnated material 

95 Treatment f a c i l i t y  f o r  s a n i t a r y  wastes 

Tne d i sposa l  of l i q u i d  radwastes f ro?  Buildings 444, 171, 776, 779, and 061 

is based on the  results of chemical analyses of each batch. Nomally ,  

wastes from Buildings 771 and 773 are discnarged t o  t h e  drainage d i t c n  

car ry ing  wastes t o  the r e t en t ion  pond system a t  a point  u p s t r e m  from t h e  

sewage treatcient p l an t  discharge.  Liquid wastes from Buildincs  444, 776 

(laundry wastes),  and 881 are mixed w i t h  raw sewqe a?d pass through t n e  

Siological treatment process  If, however, ana1,sis of the  waste ba tcn  

shows :!.at a s p e c i f i c  cons t i t uen t (  2) exceeds t h e  concentrat ion l i m i t (  s)  f o r  

discheree without t r e a t n e n t ,  tne batch I S  trans;erred i o  Bui ldinc 774 f o r  

the  required t r e a t q e n t  For laundry wdstes, t reatment  1s required i f  the 

fol lovinl ;  l i m i t s  a r e  no t  m e t .  
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TVdo basic  processes a re  avai lable  f o r  the  t-reatpeqt of  h q ~ d  viiszes. 

1) c h e n c d .  precipi ta t ion and sand f i l t r a t i o n ,  and 2 )  eveporstioz n t h  tne 

water vnpor vented t o  the atmospfiere 

sileet (Appqdix A), f l e x i b i l i t )  of operation exizts  d i t h i ?  aqd bet  ieen tne 

two processes In  general, wastes c l a s s i f i e d  as "hi,rh rad ioac t ib lz j  - l o v  

r i t r a t e "  tlastes a re  processed by chcmical prec ip i ta t iop  ard f i l t r z t i o n ,  

analyzed 011 a batch basis, m d  discharged t o  the  dra iv i ;e  d i t c ?  u=;strezz 

f ron  the  sewage treatment p l m t .  

e i e r ,  due t o  tne h a t e d  cepacity of the evaporator, hiLh n i t r a t e  dastes e re  

scored i r i t i a l l y  i n  a series of three aspnal t - l l red eraporntion poqds f o r  

volune r e h c t i o n  

a continuing increase i n  the  rolurie of stored waste 

As shown on tae deta i led  S r x e s s  I'loTd 

"IIign n i t r a t e "  wastes are evzporzted do*'- 

Evaporative l o s s e s  have been s u f f i c i e n t l y  g r e r t  t o  preve ~t 

Sludzc produed  I, t i e  

* bout  o-e- t ' l i rd  of the  e f f luent  l i m i t  f o r  dissolred p l ~ t o n i w ~ 2 3 9  as 
s p c i f i e d  i n  10CFR20, Appendix B, Table 11. 
t o t z l l y  i n  solution i s  conservative since the correspondiqz l i n l t  f o r  
insolu5le  plutonium is 30,000 pCi/l 

Ac,suTirG the pluzoniLL,? i s  
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r l  le sesraf;e treatme--c _clmt is sn exteqdcd aeraLiJ  1 f a c l l l c u  crlt 1 a 

c i o r i - a t e c  e f f l t e n t  Al tno~; ; -~ t r e  purpose o f  tne plmt  1 s  Lie z:-eatze?t 

0: *o--r-Aioactive s m i t a r ;  dastes,  some degAree 01 aecontm.x~t ,w-  o f  tae 

r a ~ , z s t e s  fron &ild.Lngs Sdt, 776, and 881 i s  a l s o  zc!iiefed b,  t ' le  trea:,iert 

Frocess 

- o r - s i t e  l a n d f i l l  unless establ isned r a d i o a c t i J i t y  l i ; ? i t s  ere excee6ca 

t s e  l a t t e r  czse, the sludge i s  drained f o r  sni-gnent t o  tne N a t i o n 2  Reactor 

Testmg Szztion 

discnzrged t o  the  drain%e d i t c h  fron Buildings 771, 774, and 779 

Yie u ~ i ~ - c o n t & ~ n a t e d  slddge I'ron the d i z c s t e r  is buried i n  a-i 

I n  

The plant ei'fluent a l s o  has a d i l u t i o n  e f f e c t  on dastes 

Utnougn tne s y s t e z  o f  ponds receiving the comined plant e f f l u e n t  

wes designed to provide ref,ention of l i q u i d  wastes before e n t r j  i n t o  t r i e  

unrestr ic ted enviroment,  the  ponds a l s o  function as a s e r i e s  of oridation 

pocds providing additional  treatment o f  the  organic-besrmg wastes Sini- 

l z r l J ,  tne luxurious algal  growtns undoubtedly produce addit ioncl  decon- 

t z z r l a t i o n  o f  tne  p l e a t  wastes. IIokever, t n i s  reduction i n  tne aiiount o f  

r & . o c c t i v i t b  released t o  the  cwironnent w i l l  not be real ized on a long- 

c e m  basis if the  ponds are scoured during yeriods o f  high run-off 

efr"lue?t f r o n  the pond s jstem is sampled proportional t o  flow and :om- 

posited f o r  analysis  (gross  alpha, n i t r a t e ,  phospnate, f luoride,  cr,d hexs- 

valeqt chronium) 

order of 1 5  pCi/1 which by infereqce indicates  t h a t  plutonium releases  are  

The 

Gross alps a c t i v i t y  i n  the e f f l u e n t  i s  usually on tne 
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2 
@ w e l l  below the operational l i r m t  of 1600 pCi/l.  Phosphate concentration 

data for 1969 were as follows: 

Maxmum - 30 mg/l as m? 
Minimum - 0.4 mg/l 

Aver-e - 8 9 

Due t o  decontarmnation i n  the sewage treatment p l an t  and r e t en t ion  ponds, 

the ne t  release of gross alpha a c t i v i t y  t o  Walnut Creek during t h e  last half  

of 1969 should have been less  than the t o t a l  of 11.3 x 

Table I 

c u r i e s  shown i n  

Environmental Surveillance 

Monitoring of environmental r ad ioac t iv i ty  l e v e l s  i n  the environs of 

the Rocky F l a t s  Plant i s  conducted rout ine ly  by personnel of the Dow Chemical 

Company. Based on t h e  semi-annual monitoring reports published i n  the  U. S 

Public Hezlth Service per iodica l ,  "Radiological Health Data and Reports," the 

opera t iona l  details of t h e  surve i l lance  program are the fo l lovmg:  

TvDe of S a m D l e  

Air 

Water 

Ve G e  t a t  1 on 

De sc  n p t i o n  

Continuous a i r  samples are col lec ted  a t  Coal Creek 
Canyon, Marshall, Boulder, LaFayette, Broomfield, 
Wagner School, Golden, Denver, and Westminster 
Analyses of monthly composite samples are r e p o n e d  
as a s ing le  average concentration f o r  all s t a t i o n s .  
Except during winter months, monthly samples are 
co l l ec t ed  from Baseline Reservoir, G r e a t  Western 
Reservoir, Standley Lake, and Ralston Reservoir. 
Semi-annual co l l ec t ion ,  i e , during one month of 
each SLX month repor t ing  p r i o d .  
malyzed i n  accordance with two c o l l e c t i o n  zones, 
less  thcn f o u r  miles from the plant and fou r  to 
e igh teen  miles from the plant 

Samples are 



I 

I 
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Table I1 

Gross Alpna Activi t ies  i n  the Environs 

o f  the Rocky Flats Plant 

3 Composite A i r  SamFles (pCi/M x 

1968 January 0.3 1968 J u l y  0.5 1969 January 0 5 
Hebruary 2.2 August 0 5  February 0 4 
harch  0 5  September 0 6 March 0.2 

April 0.5 October 0 7 A p r i l  0 3  
May 0.3 November 0.4 May 0 3  
June 0 7  December 0.7 June 0.3 

Jan -June JUly-DeC. Jan -June 
1968 1968 1969 

Great 'destern Reservoir 2.3 1.4 1.4 

Standley Reservoir 1.3 
Baseline Reservoir 

1.2 

Ralsto? Reservoir 4.2 
( 7  ni le$ north o f  s i t e )  

Vegetation (pCi/kg) 

Octooer 1967 

< 3 miles 
3-10 miles 

OctoDer 1368 
< 4 rn1les 

6-18 r i l e s  

I 4 q  1349 
< 4 rules  

--18 n i l e s  

120 (21)* 

118 (40) 

1.5 1.5 

0.9 0.9 
2.8 2.8 

* -?mer i n  pa--entheses denotes number o f  analyses 

Source. 3eferences 3 ,  1, and 5 
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tire 3eriod extending fro-, o m  day ar ' ter  t ne  Tire t .rsu1 3ctocc r  l5c9 Ttie 

,tax .Iezi:i Dew-rtrnmt a l s o  conducted an ey tens i le  to-l and s ~ z z 3 -  sed- le  

sampl,n[, r;rogr?n i? Feordarj  l37O 

arou-d L re plarit up t o  a mxirnm radi31 d i s t a m e  of S L C  miles. 

nent s m p l e s  were co l lec ted  from Walnut Creek, kona? Creel-, Gree: : ?e s ter  

.5,eceAmroir, flower Reservoir, Stanfile) Lake, end Ralston Rese,-voir .kuJ ses  

A O ~  strortium-89 and 90 and plutonium-233 w e r e  periorned by t n e  h o i l c :  rIec1t.i 

r( 

S o i l  s m p l e s  were co l lcc tea  1: :'e zre? 

Bc:to= sed-- 

fl 

S e r ,  i c e  Sout,iwest Radioloeical IIealtn Laboratory ( App-dix B) 

Following the  May ll f i r e ,  members oi the Colorado Committee .?or 

Erv i romenta l  Information a l s o  undertook a l imi ted  procram t o  deterrmne 

plutonium l e v e l s  i n  C o l o r d o  eastern slope s o i l s  and a t  locat ions i@ tile 

v i c i n i t y  of tlie Rocky F l a t s  Plant 

a d  bottom sediment samples were col lected from Walnut Crees, Great Western 

Reservoir, Calxins Lake, Rds ton  Reservoir, and triree more d i s t a n t  l ekes :  

Boulder Reservoir (nortneast  of Boulder), Dodd's Lake (northeast  of Boulder), 

and Eoyd Lake (Loveland, Colordo) .  Based on the  results ootained for  t h e  

s o i l  samFles, it was concluded "tnat cur ies  t o  t e n s  oi curies  of plutonium 

from tile Rocky F l a t s  Plant have been deposited i n  o f f - s i t e  areas." 

i n  cont ras t  t o  the estimate of 0 3 cur ie  by the S t a t e  of Colorado Department 

of Health (Apgendix B) 

In addi t ion t o  tile s o i l  samples, water 

This is 

Water Qual i ty  Office Study 

Sampling Procedures 

Environmental samples w e r e  col lected on February 25 and 26, 1970 by dater 

Qual i ty  personnel with  ass is tance from M r  A dnzle, Colorado Department of 
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0 l e c l t a  "e tsrxs  of samples consisted of water s m p l e s ,  bottom sedinerit 

smgles ,  end f i l t e r  sand ar.d c l a r i f i e r  u.iderflow s z q l e s  r'rom tne S r o o d i e l d  

rlzter Trentzent Plant  

Sz-;lx; s t a t i o n  locat ions f o r  water a d  botcon sedinerit sm_cles a r e  

--rese-ted 12 ';:ale I11 arid Ti&ure 1. Eotzon sedrne:t scn$es were colle-. ted 

t, z c r T L x g  t,ie oottom zrea below tne water l i n e  i r i ~ 1 i  a l a d  trowel B:, 

L S L ~ ~  t,h-s omcedure, e a c i  sedinent s z r q l e  ~ & s  reprcser i tz t lm o f  the  bottom 

n o s t  r e a d i l ~  a\ a i l a b l e  f o r  p h y s i c d  and ciemical reaci lons n t h  dissolved 

constitue,izs -2 tne  water and recent12 deposited aeterial Crab samples of 

m t e r  were col lected in ofie Gal lor  p l a s t i c  containers, 2 t o  5 &allom per 

sam?le 

S o i l  s w p l e s  ( t o p  l / h "  - 1/8" of s o i l )  were col lected with n her,d 

'wrotrel at t:iree locatiolis: 

i UTgrczed 2 - x ~  near t n e  soutneast corner of G r e e t  Western Ireservoir, best 

of Lie s e n i c e  r o d .  

Appror,I;ately 50 Zeet southeast of the  road c u l i e r t  conveyin;; Womm CrecL. 

u d e r  iqdrana Street 

2 

Area 22s been Grazed ~n the pest .  

5 I io r t i  s ide  o f  Calk ins  Lalie, noout 300 feet  east o f  Lie water i ~ l t a . ~ ~  sta- 

t l o r  (,razed f i e l d )  

rn LIC sa-ipli;, s i t e  near Great Uestern Reservoir I&S IJ ' L m  ,enera1 area oA tne 

l o c a t i o n  ~ l t  z i c ~  the Colomdo :onruttee f o r  Enviro-ncntal  Info-m=.t-or 

oascrded t x  T.J i ~ w  plutoqiuri-233 conceqcration L- s o i l  



T i l t e r  sand samples, oefore and after bacKWasning, a i d  8 s w y l e  of 

tne c l a r i f i e r  underflow w e r e  col1ecr;ed at  the  BroomfLeld ha t e r  T r e a x e n t  

;Plant 

t n e  sand bed  witn a nand t rowel .  

of the  f i l t e r  run was a mucture of "scum" and f i l t e r  sard  (whi te ) ,  t n e  scum 

r e p e s e n t i n g  a l u m  f l o c  c a r r i e d  over from the  c l a r i f l e r .  Clarifier -!der- 

flow, a heavy slurry, w a s  t h e  product of alum coagulat ion of Great Xestern 

T.ie f i l t e r  sand samples were co l l ec t ed  by scraping tne sur-r'ace of 

The sample c o l l e c t e d  a t  the  t e r m w t i o n  

Reser ro i r  water 

c u i t s ,  the 5 MGD p lan t  was nydraul ica l ly  overloaded a t  t n e  tine of sanple 

c o l l e c t i o n  

1.0 mg/l ac t iva t ed  carbon, and 0 5 mg/l P a l m e r  coagulant (product of  the 

Cdgon Corporation) . 6 

Due t o  maintenance work on one of the tdo treatnezt c i r -  

Raw water chemical dosages w e r e  50 mg/l alum, 20 mg/l soda ash, 

Analy t ica l  Procedures 

The analytxal procedures f o r  determinlng gross alpha r ad ioac t iv i ty ,  
1 

total  a lpha  radium, uranium, plutonium, strontium-89 and 90, and tritium 

concentrat ions i n  the var ious  environmental samples are described i n  d e t a i l  

i n  Appeqdix C 

a membrane f i l t e r  of 0.45 u c r o n  poros i ty  

d r i e d  at lO3OC and ground t o  pass a No. 100 mesn sieve before s p e c i f i c  

analyses  w e r e  i n i t i a t e d .  

Pretreatment of water samples cons is ted  of f i l t r a t i o n  througn 

Sediment and s o i l  samples were 

Since t h e  a n a l y t i c a l  procedure f o r  plutonium determines " t o t a l "  

plutonium, the ind iv idua l  results represent  the cont r ibu t ions  of plutonium- 

238 and 239, not plutonium-239 alone. By v i r t u e  of t n e i r  widespread occur- 

rence i n  t n e  atmosphere, both i so topes  of plutonium w e r e  probably present  i n  



Stat ion 
Number 

1 

2 

3 

4 

6 

7 

10 

14 

Table I11 

Sampling Stat ions 

DescriDtion (Date of Collection) 

South fork of Walnut Creek at si te boundary 
(2/25/70 1 
Niddle fork of Walnut Creek, 50 f e e t  up- 
stream from confluence with nor th  fork 
(2/25/70) 

Main stem of Walnut Creek; 50 f ee t  down- 
stream f r o m  confluence of south fork n t h  
rmddle and north forks  (2/25/7O) 

Walnut Creek a t  Indiana S t ree t  (2/25/70) 
(a) E a s t  s ide of culver t  
(b) West side of culver t  at edge of smaU 

pond 

Great Western Reservoir at mouth of Walnut 
Creek (2/25/70) 

Great Western Reservoir, east end - r a w  
water sample collected a t  Broomfield Water 
Treatment Plant (2/25/70) 

Great Western Reservoir, south shore - com- 
posite sample collected along approximately 
one-half m i l e  of shoreline extending f r o m  t h e  
dam (2/25/70) 

Great Western Reservoir, south shore - com- 
posite sample collected along a 25 foot  s t r i p  
i n  2 t o  5 inches of water (2/26/70) 

Great Western Reservoir, south shore - dls -  
C r e t e  sample collected above water l i n e  from 
wave-deposited (or  reworked) sediments 
(2/26/70) 

Mower Reservoir at mouth of diversion ditch; 
west end (2/26/70) 

( cont i rued)  

Water, Bottom 
Sedunent 

Water, Bottom 
Sediment 

Bottom Sediment 

Water 

Bottom SedMent 

Bottom Sediment 

Water 

Bottom Sediment 

Bottom Sediment 

Bottom Sediment 

Bottom Sediment 



St  a t  ion 
Nurnoer 

11 

12 

13 

14 

15 

16 

Teble I11 (continued) 

Sampling Sta t ions  

Description (Dzte of Collection) 

Mower Reservoir, east end at  dam (2/25/70) 

Woman Creek at Indiana S t r e e t  (2/26/70) 
(a) 
(b) Channel downstream from pond 

Small pond east of the road c u l v e r t  

Standley Lake near mouth of Woman Creek 
(2/26/70) 

Standley Lake, east end (2/26/70) 
(a) 
(0) 

Center of dam near pumping s t a t i o n  
Southwest of dam along a 25 foo t  
edge of shoreline i n  zone of heavy 
wave a c t i o n  

Calkins Lake, nor th  side (2/26/70) 

Autrey Reservoir (approximately 4 rules 
northeast  of t ne  plant,  Boulder County) 
(2/25/70 1 

T-f 

Water, Bottom 
Sedimeit 

Water 
Bottom Sediment 

Bottom Sediment 

Water 
Bottom Sediment 

Water, Bottom 
Sediaent 

Water, Botton 
Sediment 
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the samples co l lec ted  i n  t h e  environs of the  Rocky F l a t s  Plant 

t n e  buli, of the plutoniun i n  each case was probably a t t r i b u t a b l e  t o  

plutoni~m-239 

airborne ?a r t i cu la t e s  and p r e c i p i t a t i o n  by the  U. S. I k b l ~ c  Heel th  % r a c e  

During 1969 the  d a t a  f o r  t n e  Denver sampling s t a t i o n  showed plu:onim-239 

concentrzt ions t o  be s e v e r a l  times higner i n a n  the corresponding plutonium- 

238 conce?trations Althougn the a b i l i t y  t o  d i f f e r e n t i a t e  between plutonium- 

238 and 239 i s  of i n t e r e s t  from the standpoint of m a l y t i c e l  p rec ls lon ,  ;t i s  

of acade t ic  importance i n  respec t  t o  evaluat ing t h e  envi ronmentd  impact of  

plutonim-239 emissions from the Rocky F l a t s  Plant  Totel  plutonium i s  an 

adequete F r a m e t e r  for such an evaluat ion s ince t h e  e f f e c t s  of p l a t  emis- 

s ions  are based on inc reeses  above base l ine  values  (plutonium a t t r i b u t a b l e  t o  

atmospheric f a l l o u t ) .  

iowever, 

T h i s  conclusion is based on tlie plutonium noni tor ine,  0: 

Results 

Eiys ica l  and r a d i o l o g i c a l  d a t a  f o r  the  water samples c o l l e c t e d  duriyg 

t n e  Februzry 1970 study ere t abu la t ed  i n  Tables IV and V. 

t r i t i u m  (+-3), strontium-89 and 90, and radium ( t o t a l  alpha) i n  t h e  samples 

is a t t r i b u t a o l e  t o  n a t u r a l  sources and/or atmospheric f crllout 1 r o m  nuclenr 

weapons tests, not waste releases (scheduled o r  acc iden ta l )  from t h e  Roc)\) 

F l a t s  P l rn t  

were 1340 pci/1 o f  tritium, < 0.1 p~i/1 of strontiw,-@, 1 2 p ~ 1 / 1  o f  

s t ron t iw-30 ,  a d  < 0 1 pCi/1 of t o t a l  alpha radlur;l. 

The p-resence of 

Tne average d isso lved  conLentrations of  these radio iuc l ides  

A s s m i n c  the acc iden ta l  releases of pl l r to?lw f r o r  the  iiozt y Flats 

Plant n w e  not caused measurable increases  i n  the l e b r e l s  of d isso ived  



Tatle IV 

Walnut Cree<. 

Soutn fo :”~  a t  s i t e  boundary (No 1) 

lhddle  farK (No 2)  

Indiaia S t ree t  (No 4) 

Great LlesteF. Reservoir (No 6)  

Mower Reservoir (No. 11) 

Standley Laxe (No. 14)  

Caxqins Lake (NO. 1 5 )  

Autrey i iescrroir (No. 16) 

13 

4 

12 

4 

17 

< 1  

5 

16 

13 
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and tne batch nzture of l i q u i d  waste dischzrges. Whot does agear  t o  be a 

S i g l f i C a n t  difference is t n e  concentration reported f o r  Great Weste,rn 

R e s e r , o i r  kqich would be i n d i c a t i v e  o f  measuraole contamination i n  tne  

r e s e r r o i r  as  tne result o f  n l m t  wastes. However, the discussion o f  t h e  

results i n  t h e i r  report  i n d i c a t e s  t%.t t n i s  s t a t i o n  vas a c t u a l l y  located i n  

o r  near tne mouth o f  llalnut Creek. 

It The hignest R,1239 c o n c e r t r a t i o i s  observed are tnose f o r  
Greet Vestern Reservoir m d  t n e  small roadside pond, boai on 
Walnut Creek . I ’  

TAS, t h i s  _Dzrcicdar sample vas apparently ?ot represeqtative o f  general 

Later  quality i n  Great Western Feservoir .  

Tne r e d i o a c t i b i t y  data Tor bottom sediment samples are ;resented i n  

TaDle VI. Average concentrations o f  s tront im-89,  s t r o n t i u m - 9 ,  and t o t a l  

alprla raCkun i n  a l l  sediment smples were < 0 5, 0.1, and L.9 $1 per grm 

dry ire:@, respectively.  For  a l l  s t a t i o n s ,  except tnosc on Wa’hut Creek, 

the urvlium concentrazions ranged from 0 4 t o  2.8 pg p r  gram dry weignt, 

c.$ercg,in,r 1 9 F&/gran 

riddle fork  sample, no s i g n i f i c a n t  accumulstion a t t r i u u t c b l e  to the discharge 

01 ur3niuv-bearing l i q u d  wastes vas observed i n  tlic L k l n u t  Crzex samples. 

ErcluCing t 2 e  s tnt ion on tne r iddle  fork,  the averaze ~ i z r im  concentration 

f o r  I l z l w t  Creek sediments was 1 5 p&/grm 

pld:orium-229 crt bzsel ine  l o c e t i o n s  (Autrey 3eserrc:r, %xiXLe. La: c ,  a d  

Cal LVS L x c )  was 0 05 p c i  per grmA day welch-’-, 

-s  cor2arable t o  %ne c o n c c n t r c t i m s  r e p r t e c  3) t”e Colorcdo Co-mttee for 

E?,,rci?-entel I r f o r m t i o n -  ayd :--e Staze or’ Coloradc (A3pe-c?: L 3) f o r  

Considering these values and t h e  resulz  f o r  tne  

The afez-2ge co?cePlration f o r  

T k c  ‘r.aselLne :oncentration 

1 
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d e p a d i n g  on wiletiler t h e  samples are co l l ec t ed  w - r  t ne  head end 01 tile 

pond, die Lenter, o r  J u s t  below the wzter l ine  a l m g  tile p i - i p h e r j  01 I tlc 

.pond T i e  contamnat ion obsemed i n  sediment from the middle lorlr 01 

dalnut Creek and Woman Creek ( a t  Indiaqa Street)  w a s  proocibly caused by 

wicd t r enspor t  and/or sur face  runoff of plutonium-contaminated s o i l  Ttle 

Ste t e  of Colorp?.do a l s o  observed contaminztion i n  \!oman Creek - 1 0 pCi/Sram 

fo r  a sample co l lec ted  on Febwery 18, 1970. 

Uthougn c e r t a i n l y  not  conclusive, the  sedi-nent samples irom Mower 

Reservoir and Great Western Reservoir ind ica ted  meesurable, a l b e i t  s l i g n t ,  

accumulation of plutonium as t h e  r e s u l t  of a c c i d e n t a l  a i rborne releases from 

t h e  plant  The discharge of plutonium-bearing l i q u i d  wastes w a s  not con- 

s idered a causat ive source s ince the samples from Great Western Reservoir  

were co l l ec t ed  at loca t ions  wherein t n e  ultimate depos i t ion  of sediment from 

Walnut Creek would be most un l ike ly .  Actually,  t h e s e  sediment samples snould 

be considered representa t ive  only of shallow, sno re l ine  condi t ions and not 

the general  bottom condi t ion  i n  tne  r e s p c t i v e  r e se rvo i r s .  Assuming t h e  bot- 

tom materials i n  these snallow areas w e r e  similar t o  nearby t o p s o i l s  as 

regards plutonium content,  t h e  suggested p o s s i b i l i t y  of accumulation gbove 

base l ine  values  i n  the  sqore l ine  sediments i s  not  completely irrplcusiole.  

Botn r e se rvo i r s  a r e  wltnin sec to r s  cnarac tc r izcd  by "e l cmted"  leLcls 01 

p l u t o n i m  i n  soil (Appendix B) 

The c l a r i f i e r  underflow sanple f mri t h e  Broori i e l d  WEter Treatmeit  

Plant showed t n a t  m e  t reatment  process produced e fin,saed water of lower 

u r a u u r  qrld piutonium c o w e n t r z t i o n s  than  tne  raw water On a d r J  wei&;rt lo 
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Discussion 

S u f a c e  contarmnation of land sur faces  in t he  v i c i n i t y  of t n e  Rocky 

F l a t s  P l ea t  has occurred as the result of uncontrol led r e l eases  of Pluto- 

nium. Tne s p e c i a l  soil sam~ling program conducted 5y the S ta t e  o f  Colorado 

i n  Februzry 1970 showed plutonium concentrat ions i n  excess  of t h e t  attrib- 

utable t o  g loba l  f a l l o u t  a t  radial d i s t ances  up t o  three rri les from t h e  

plant  bomdary The two s e c t o r s  (refer t o  Appendix B) immediately edjacent  

t o  the  p l m t  snowed the  msximgm t o p s o i l  concent ra t ions  of plutoniun-233, 

2.5 a d  11 pci per Gram dry weignt It was the S t a t e ’ s  conclusion t h a t  t n e  

primwry soarce of contarmnation was t h e  “ inc iden t“  involving t h e  LeaKage of 

o i l  and not  the  May 11, 1969, f i re  

Concuttee f o r  Environmental I n f o m a t i o n  s t rongly  suggested the  May 11 f i r e  

as the  pr?,rr,ary causat ive f ac to r .  As far as t h e  publ ic  hea l th  implications 

of tne  laiid contemination are concerned, t h e  source, whether it be t n e  

I n  con t r a s t ,  the  report  of t n e  Colorado 

incident  x f o l v i n g  the  f i r e  o r  t h e  oil leakage, is not  r e a l l y  reve lan t .  

It i s  extremely d i f f i c u l t  t o  attempt t o  relate plutonium concentra- 

t i o n s  i n  Lnconsolidated t o p s o i l  t o  poss ib le  o r  p o t e n t i a l  l e v e l s  of numan 

exposure Deposited in-place,  t he re  is no s i g n i f i c a n t  nenl th  r i s K  Externa l  

exposure kill not occur because oi the very limited rmgc of the  enitted 

alpna r a L a t i o n .  Suni la r ly ,  t r a n s f e r  through t h e  food cfinin ( f o r  erample, 

soil t o  vege ta t ion  t o  wild game o r  grazing s tock)  w i l l  be of no consequence 

s ince plutonium is absorbed by p l a n t s  growing on contaminated soil t o  only 

an i n f in i zes ima l  degree .7 However, resuspension a?d wir ,d  t r anspor t  of 

contmine ted  particulates - a p s r e n t l y  a l i h e l y  condi t ioq f o r  t n e  “ocky P l a t s  

re&-may lead t o  i nna la t ion  and r e s u l t a n t  radiation dose For d lszdss ion  of * 
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le@n ot k l n u t  C R ~ K  RegreseQt,y accumulation &?d depos i t ion  over  an 

u n d e t e m n e d  period of t i r e ,  t.x reorvary 1970 Sedizent samples cortalrled 

p l u t o r i u r  1-1 concercra t icns  as n i g i  as 3 5 pCi/grm (S ta t e  of Colorado 

dz ta  sxwed  a m a x i m u ?  of about 20 _DCi/pm) 

tdo processes .  

r i a l  in t h e  e f f l u e n t ,  and 2) t r a n s f e r  of plutonium f r o m  t h e  d isso lved  

f i on ic )  state by c n e m c a l  prec iDi ta t ion  and/or adsorpt ion.  From trie stand- 

-i?t or" environmental s i g n i f i c m c e  as rega-rds humaq e x p s u r e ,  plutonium 

d e F s i t e d  iq Walnut Creek i s  of qo con.sequence. 

s e a i m n t s  2,re per iod ica l ly  f lushed out  of t h e  creek and deposited in Great 

Western Reservoir  wnerein t h e r e  exis ts  a v a i l a b i l i t y  for incorporRtioq and 

accumulation in t h e  aquat ic  web. 

movement of plutonium i n  t h e  en;ironment i n d i c a t e s  t n a t  b io log ica l  acxmula-  

t i o n  as w e l l  as d i s s o l c t i o n  of p l u t o n i m  from the  sediment w i l l  be negl ig i -  

ble .  

ducted t o  ensure t h a t  these predic t ions  are indeed v a l i d .  

Sucu accumdation occurs  oy 

1) depos i t ion  02 plutonium assoc ia ted  w i t h  s u s p n a e d  mte- 

Hotrever, tnese coqtaminated 

Tne l i r d t e d  availcble i n f o m a t i o n  on the  

Nonetneless, t h e  previously mentioned study of SeDtember 1970 was con- 

I n  con t r a s t  t o  the s i t u a t i o n  in the soutn f o r L  and main stec: 03 

Walnut Creek, t n e  sources  of e leva ted  Dlutoniwn corcent ra t ions  i n  samples 

from t h e  middle fo rk  of Walnut Creek, Woman Creek, &-Id shallow shore l ine  

areasof G r e a t  Western Reservoir and Mower Reservoir w e r e  considered t o  be  

air t m n s F r t  and sur face  runoff of plutonium-contammated s o i l  As  noted 

in t ne  preceding pzregraph, t h e  plcltonium deposi ted in these ereas i s  pmb- 

a o l y  b io log ica l ly  and chemically inert 



a 
I ITcrezsed l e v e l s  o f  d i s so lved  r a d i o a c t i v i t y  a t t i - i bu tnb le  LO _r;n?z 

releases we,* not observed i n  any of t h e  l u e s  and reservoirs s a q l e a  

T -3:s I'incliqg is gene ra l ly  supporr,ed by t h e  long-term monitor ing data cox- 

?,'-led DY p l a t  personnel for s e v e r a l  r e s e r v o i r s  i n  t n c  p l a n t  envi rons ,  

:nclurii,?g Creat hes t e rn  r ieser fo i r  znd Standley Lake Uowever, s i n c e  tne  

plant monitoring program i s  l i n t  cd t o  t o t a l  g ross  alpha dcterminacions,  

d e t e c t i o n  of small i n c r e a s e s  i n  plutonium concent ra t ions ,  such as tnose  

obser ied  i n  Walnut Creeh, would not  be expected It is also i n t e r e s t i n g  

t o  note  t n z t  the concent ra t ioqs  of d i s so lved  uranium i n  t h e  grab water 

svnples  from Great Western Reservoir  and Standley Lake e l n o s t  t o t a l l y  

account f o r  the  correspondi?g rewrted levels  of t o t a l  gross alpna concer- 

t r a t i o q s  Tne r a d i a t i o n  dose z s soc ia t ed  wi th  t h e  u t i l i z a t i o n  of Great 

Western Feservoir,  Standley  Lake, and Calkins  Lake BS sources  of Wblic  

w t r t e r  su#y is n e g l i g i o l e  Without t a k i n g  c r e d i t  f o r  Foss ib l e  concentra- 

t i o n  reduct ions  achieved by water t rea tment ,  the dose received by menbers 

of eacn sopu la t ion  group served i s  less tnan  one one-hurdred-tnousan6th 

of t n e  dose l i m i t  f o r  i n d i v i d u a l s  

Tne epparent e f f e c t i v e n e s s  of the Broomfield water t r ea tmen t  process  

f o r  r educmg uranium and plutonium concent ra t ions  - raw Jersus  f i n i s h e d  

dzter - *:s i nd ica t ed  b j  the  r a d i o a c t i v i t y  results f o r  t h e  sample of sett led 

~ l u m  s luege  On a d ry  weight Desis, t n e  glutonium and branium concentra- 

t i o n s  i n  t n e  sludge were corn2arable t o  t n e  plutoni im concent ra t ions  and 

about 4 0 X  the uranium concent rc t ions  iri WEL?ut Creek sediment Disposal of 

t h e  sludge is t o  a small r e t e n t i o n  pond edjacent  t o  t n e  water  t rea tment  I 



1. doutinc monitoring o f  radiocc t -v i ty  l e v e l s  i'i laber i n  t ic c i f l u e p U  

t o  LXLnut Cree-\, Valnut Ciee-, (at Indiana S u x e t  c u l  er t )  &-u G x z t  

: les tern Reserdoir should i n d u d e  detcrminaz;o,,s 3," susperided ai d 

d2;solred r a d i o a c L i , i t J ,  rioi total rcdioacl, r - L d  i I the unf , l te red  

S r n l J l C  

si iosld be conductcd f o r  pluLoniuri-Lj() and u r z  LILT I 

, 

I 



* 



I 

- 
! 

i 
r 

I 

I t  

' t  

.. 
- 1 

1 -  

I '. I 

n 

1 r-- 

-- 



COLORADO i b HEALTH 

4210 EAST l l T H  AVENUE DENVER ,  C O L O R A D O  80220 PHONE 388-6111 
R L C L E E R E  M O  M P H  DIRECTOR 

June 9 ,  1 9 7 0  

E n c l o s e d  are c o p i e s  o f  t h e  latest  s u r v e i l l a n c e  i n f o r m a t i o n  on t h e  Rocky F l a t s  
P l a n t  You w i l l  n o t e  t h e  s o i l  sample  r e s u l t s  c lear ly  i n d i c a t e  t h e  d i s t r i b u t i o n  
o f  t h e  239Pu c o n t a m i n a t i o n  

B e f o r e  b r i e f l y  d e s c r i b i n g  t h e  s o i l  a n a l y s i s  r e s u l t s ,  i t  might  b e  well  t o  f i r s t  
e x p l a i n  t h e  sampl ing  t e c h n i q u e  used  

The  U S P.H S 
9 0 S r  c o n t e n t  
tremely time consuming and t h e y ,  o f  c o u r s e ,  have o t h e r  commitments f o r  o t h e r  
s u r v e i l l a n c e  a c t i v i t i e s  To take f u l l  a d v a n t a g e  o f  t h i s  l i m i t e d  number o f  a n a l y -  
ses ,  i t  was d e c i d e d  t h a t  a c o m p o s i t e  s a m p l i n g  program was i n d i c a t e d  As you c a n  
see by  t h e  map a t t a c h e d  t o  t h e  soil a n a l y s i s  r e s u l t s ,  the area a r o u n d  t h e  Rocky 
F l a t s  P l a n t  was d i v i d e d  i n t o  1 3  sectors T h e s e  sectors were l o c a t e d  a t  1 ,  3 and 
6 mile d i s t a n c e s  from t h e  p l a n t  boundary T w e n t y - f i v e  s o i l  samples  were collected 
i n  e a c h  s e c t o r  w i t h  20% o r  5 s e p a r a t e  samples c o l l e c t e d  a d d i t i o n a l l y  i n  e a c h  s e c t o  
and r e t a i n e d  f o r  f u t u r e  r e f e r e n c e  E a c h  l o c a t i o n  sampled i s  a p p r o x i m a t e d  on t h e  
map The number o f  c o m p o s i t e  s o i l  s a m p l e s  i n  t h e  d e s i g n a t e d  area t o t a l e d  3 2 5  
Composi te  s e d i m e n t  samples  o f  s i g n i f i c a n t  water b o d i e s  t o t a l e d  190 The s o i l  sam- 
p l e s  c o l l e c t e d  were o f  t h e  t o p  1 /8"  o f  u n d i s t u r b e d  s o i l  w h i c n  would b e  i n d i c a t i v e  
o f  t h e  m o s t  severe h e a l t h  h a z a r d  i n  r e g a r d  t o  r e - s u s p e n s i o n  from t h e  s o i l  t o  t h e  
a i r .  

o b l i g a t e d  t h e m s e l v e s  t o  a n a l y z e  2 5  t o t a l  samples  f o r  239Pu and 
T h i s  was b e c a u s e  t h e  p l u t o n i u m  a n a l y s i s ,  i n  p a r t i c u l a r ,  i s  ex- 

It i s  i n t e r e s t i n g  t o  n o t e  t h e  s imilarity o f  r e s u l t s  o f  t h e  7 5  background samDles 
c o l l e c t e d  i n  Limon, L o v e l a n d  and P e n r o s e  areas u s i n g  t h e  same c o m p o s i t e  sampl ing  
t e c h n i q u e  a s  d e s c r i b e d  a b o v e  
s a m p l i n g  areas,  we a n t i c i p a t e  t h a t  t h e  p r e s e n t  samples  a c c u r a t e l y  d e s c r i b e  t h e  
239Pu "background'l levels  o n  t h e  E a s t e r n  S l o p e  
from f a l l o u t  from past a t m o s p h e r i c  n u c l e a r  t e s t i n g  

A l s o  worthy  o f  n o t e ,  are t h e  r e s u l t s  o f  t h e  90Sr a n a l y s e s  and t h e  2 3 9 P u / 9 0 S ~  rat io '  
f o r  s e c t o r  s o i l  s a m p l e s ,  %background" s o i l  samples  and s e d i m e n t s  T h e s e  r e s u l t s  
would i n d i c a t e  t h a t  t h e  239Pu r e s u l t s  a l o n e  are t h e  b e s t  i n d i c a t o r  o f  t h e  e f fect  
t h a t  t h e  Rocky F l a t s  P l a n t  h a s  had on t h e  environment  I 

Al though we p l a n  t o  expand the number o f  backgroun 

T h e s e  levels  are due a l m o s t  e n t i r t  
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I t  i s  our conclus ion  tha t  no p u b l i c  h e a l t h  hazard now e x i s t s  from p a s t  r e l e a s e s  
from the Rocky F l a t s  P lan t  I t  would be impossible ,  however, t o  e s t i r l a t e  anv 
hazard which e x i s t e d  i n  the  p a s t .  The h i g h e s t  concent ra t ions  were found ad jccen t  
to  the  p l an t  a t  t he  eas t e rn  boundary Th i s  a r e a  i s  d i r e c t l y  downwi7.d f r o 7  c'ie 
area t h a t  the  leakage of plutonium-contaminated o i l  and subsequent s o i l  con tan i -  
na t ion  occurred sometme dur ing  the  pe r iod  of 1955 through 1967 T n e  main o i l  
s p i l l  a r ea  w a s  covered with a s p h a l t  i n  Septcmber, 1969 and an apron of  3" of base 
Course m a t e r i a l  was completed around t h i s  area i n  March, 1970 The plutonium 
l e v e l s  i n  the  s o i l s  i n  t h i s  area were h igh  and t h e  material was c a r r i e d  downwind 
The e leva ted  239Pu l e v e l s  i n  S e c t o r s  1, 2 ,  6 and 7 are p r imar i ly  the  r e s u l t  o i  t h i s  
" i nc iden t  I' 

Sector  2 ,  which has  the  h ighes t  concen t r a t ion  of 239Pu, can b e s t  be desc r ibed  as a 
non-populated a r e a ,  access  t o  which is n o t  con t ro l l ed  In a paper by R L Kathren 
(1968), which was an ex tens ive  review of work done on plutonium c o n t a r i n a t i o n ,  
' ' i n t e r n  accep tab le  sur face  contaminat ion l e v e l s  f o r  environmental  Pu02" a r e  pro- 
posed. Based on dose t o  pulmonary lymph nodes,  t he  fol lowing would be accep tab le  
levels f o r  occupancy by t h e  genera l  p u b l i c  

Urban areas 10 dpm/cm2 
Rural  areas 100 dpm/cm2 

Pub l i ca t ion  14 (1969) states t h a t  t h e  dose l i m i t  f o r  plutonium on t h e  b a s i s  of 
t o  lymphoid t i s s u e  is n o t  warranted Adjustment of  t he  above proposed accept -  
levels would be upward by a f a c t o r  of 2 o r  more Based on t h e  conse rva t ive  

numerical  terns used by Kathren, t h e  level  i d e n t i f i e d  i n  Sec to r  2 (8 dpm/cmZ) i s  
s a f e  (acceptab le)  by a t  least  a f a c t o r  of 25 If the  e n t i r e  1 3 - s e c t o r  area 
(0.3 dpm/cm2) i s  used, the f a c t o r  would range  from 70 t o  700 depending on whether 
t he  e n t i r e  area would be cons idered  as urban  o r  r u r a l ,  r e s p e c t i v e l y  Less conser-  
vative lmi t s  would, of course ,  p rovide  a g r e a t e r  f a c t o r ,  and s e v e r a l  of  t h e s e  were 
reviewed 

Ext rapola t ion  of t he  da ta  i n d i c a t e s  t h a t  t h e  t o t a l  239Pu s o i l  contaminat ion of t he  
environment around the  Rocky F l a t s  P l an t  a t t r i b u t a b l e  t o  the  p l a n t  approximates  
0 3 Curie (4 9 grams 239Pu) a t  the  p r e s e n t  t i m e ,  57% of  which i s  l o c a t e d  i n  Sec tor  2 

Because hazard a n a l y s i s  based on s o i l  d a t a  u t i l i z e s  a r b i t r a r y  re-suspension and " a i r  
concent ra t ion  h a l f - l i f e "  f a c t o r s ,  t h e  only  proper  method t o  thoroughly eva lua te  the  
s i t u a t i o n  is  by a i r  s u r v e i l l a n c e  

The Department's plans are t o  cont inue ,  and i n  some cases  inc rease ,  a i r  s u r v e i l l a n c e  
a c t i v i t i e s  downwirid from both the  contaminatcd a rea  and the  p l an t  i n  gene ra l ,  and t o  
work with Rocky F l a t s  personnel  i n  an e f f o r t  t o  more Lully i d c n t i f y  and c o n t r o l  any 
p o t c n t i a l  contaminant r e l e a s e s  from the p l a n t  Samples from Sec to r  2 w i l l  be col- 
l e c t e d  and analyzed t o  determine tlic long-term c h a r a c t e r i s t i c s  of 239Pu i n  s o i l s ,  
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and of  c o u r s e  as p r e v i o u s l y  m e n t i o n e d ,  a n  expanded e f f o r t  w i l l  b e  made t o  es- 
t a b l i s h  a n  e x i s t i n g  239Pu "background"  f o r  C o l o r a d o  
a d d i t i o n a l  funds a h i g h e r  p e r c e n t a g e  of  samples ( a i r ,  water and s o i l s )  w i l l  
be a n a l y z e d  f o r  j 3 9 P u ,  t h e r e b y  g i v i n g  the Department  a n  independent  c a p a b i l i t y  
for  h a z a r d  a n a l y s i s ,  and d e f i n i t i o n  o f  p l a n t  releases 

With t h e  p r o v i s i o n  of 

I f  you h a v e  a n y  q u e s t i o n s  r e g a r d i n g  t h i s  matter, p l e a s e  l e t  u s  know 

S i n c e r e l y ,  

P W. Jacoe, D i r e c t o r  
D i v i s i o n  of A i r ,  O c c u p a t i o n a l ,  
a n d  R a d i a t i o n  Hygiene 

FWJ/md 
E n c l o s u r e s  
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SOILS 
Ba c kgr ound s 
Sample Date 

2 / 1 8 / 7 0  
2 / 1 8 / 7 0  
2 / 1 8 / 7 0  

Samples 

2 / 1 9 / 7 0  
2 / 1 8 / 7 0  
2 118 170 
2 / 1 8 / 7 0  
2 / 1 8 / 7 0  
2 / 1 9 / 7 0  
2 / 1 8 / 7 0  
21 1 8 / 7 0  
2 / 1 7 / 7 0  
2 / 1 8 / 7 0  
2 / 1 7 / 7 0  
2 / 1 9 / 7 0  

2 / 1 8 / 7 0  

SEDIMENTS 
2 118 / 7 0  
2 / 1 8 / 7 0  
2 / 1 8 / 7 0  
2 / 1 8 / 7 0  
2 / 1 8 / 7 0  
2 / 1 8 / 7 0  
2 / 1 8 /  7 0  
2 / 1 8 / 7 0  
2 125 1 7 0  
2 / 2 5 / 7 0  

2 / 2 5 / 7 0  

Notes 
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U S P H S  - SWRHL A n a l y s i s  
Soil & Sedunent Sampling 

Locat ion 
Limon, Colorado 
Loveland , Colorado 
P e n r o s e ,  Colorado 

Area 1 
Area 2 
Area 3 
Area 4 
Area 5 
Area 6 
Area 7 
Area 8 
Area 9 
Area 1 0  
Area 1 1  
Area 1 2  
Area 13 

Upper South Walnut Creek 
Walnut Creek 
Pond Walnut Creek and Indiana 
Great Western R e s e r v o i r  
Woman Creek 
Mower R e s e r v o i r  
S t a n d l e y  Lake 
Pond West of I n d i a n a  and 96th 
R a l s t o n  R e s e r v o i r  i n l e t  
R a l s t o n  R e s e r v o i r  high water 

R a l s t o n  R e s e r v o i r  100 yds. 
mark a t  i n l e t  

from i n l e t  

Results 

0 .13  
0 1 1  
0.11 

5.55 

0 .29  
0 3 1  
0.24 
1.00 
1 02 
0 0 4  
0.02 
0.38 
0 .07  

L 0.02 
0.04 

24.4  

46  6 
109.0 

2 8 . 9  
0.53 
2.18 
0.89 
0.07 
0.53 
0 40  

0.02 

0.16 

2 9  
1.8 
1 6  

2 4  
2 4  
3.3 
3 6  

15.8 
1 6  
1 3  
1 1  
0.4 

4 0.4 
0.9 
0 . 9  
1 1  

4 0 4  
L 0.4 
C0.4  

0.4 
0.4 

L O  4 
< 0.4 
10s t 
0.4 

0.4 

4 0.4 

pu /S r 
0.045 
0.061 
0 .069  

2 3 1  

0 058 
0 , 0 8 6  
0 015 
0 625 
0 . 7 8 5  
0 036 
0 050 
0 9 5 0  
0.078 
0 .022  
0,036 

10 2 

-- -- -- -- -- -- -- -- -- 
-- 
-- 

The s o i l  was analyzed f o r  s t r o n t i u m  by a c i d  leach and ion exchange and f o r  
plutonium by t o t a l  d i s s o l u t i o n ,  i o n  exchange and e l e c t r o p l a t i n g  

The v a l u e s  t h a t  appear h i g h  were rechecked and the values  confirmed 

A l l  S t r o n t i u m  8 9  c o n c e n t r a t i o n s  were found t o  be less  than 1 1 d p m / p  
of d r y  s o i l  

AJH vnm 5 / 2 5 / 7 0  
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Total 239Pu Activity By Sector 

]ec tor  

I 1  

2 

3 

4 

5 

6 

7 

8 

I 

9Pu 

d P d  g 
d r y  s o i l  

5 55  

24 4 

0.29 

0.31 

0.24 

1 00 

1 02 

0.04 

239Pu 

dnm/crn2 

1 78 

7 81 

0.09 

0.10 

0 08 

0.32 

0.33 

0.01 

Area 

2 cm ml - 2 

2 1  

2.2 

2 .1  

2 .1  

9 4  

9.4 

9.4 

9.4 

0.01 16 1 

5 4 x 1010 

5 7 x 1010 

5.4 x 1010 

5.4 x 1010 

2 4 x 1011 

2 4 x 1011 

2.4 x 1011 

2.4 x 10l1 

4.2 x 10l1 
- -  

l o  
dpm x 10 

9 59 

44 5 

0 ,501 

0 536 

1 84 

7 68 

7.83 

0 307 

0.269 

10 0.38 0.12 13.0 3 4 x 1011 4.13 

11 0.07 0 02 13 0 3 4 x 1011 0 762 

12 < 0.02 (0  01 13 0 3 4 x 1011 0 218 

13 0 04 0 01 13 .O 3 4 x 1011 0 435 

- Totals 0.27 114 2 296 x l o l o  78 6 

Bkg 0.12 0 04 - - 11.4 

Net (Dow s o i l  contamination contribution) 

0 30 C i  239pu x 16 2 p s  2 3 9 ~ u / c i  2 3 9 p ~  = 4 9  IS 239p,, 

c1 

0 0432 

0 2005 

0 0023 

0 0024 

0 0083 

0 0346 

0 0353 

0.0014 

0.0012 

0 0186 

0 0034 

0 0010 

0 0020 

0 354 

0 051 

0 30 



k-talvtical  b'ethods 

T i e  anal"ytica1 procedures used i n  t n i s  s t ~ d q  -.re ta l re i  x rom t r e  

puclisned l i t e r a t u r e  w i t h  adaptntion o r  modif icat ions m z d e  i n  t f ie  pre- 

treatrnerlt of tile sample t o  fit the pml i shed  ana ly t i c21  procedure Tne 

lmi t  of de t ec t ion  is t h a t  limit which i s  dcfined ir  tcie ; J a t iona l  Burezu 

of Stzndards Handbook 86, page 26 

Pzmlyses f o r  water were done on the dissolved p r t i o n  only,  the: 

is, Lie por t ion  which passes  tnrougn a 0.45 p p o r o s i t j  m l l i p o r e  filter 

Soils aqd sediment samples were d r i e d  a t  105" - UOOC, ground and s i e red  

t o  100 mesi. 

Gross Alpia  Analyses 

One hundred rmlligrams of d i sso lved  s o l i d s  o r  sediment were t rans-  

f e r r e d  t o  2 s t a i n l e s s  steel  planchet, d i s t r i b u t e d  e i en ly ,  f ixed  by a d i l u t e  

l u c i t e  so lu t ion ,  and alpha counted i n  an i n t e r n a l  propor t iona l  counter.  

The background count rate was nomnal ly  0 1 cpm and the de tec t ion  e f f ic iency ,  

based on a rd1~~11-226 standard,  was nominally 3O$ The l im% of de t ec t ion  

f o r  water samples va r i ed  w i t h  dissolved s o l i d s  concentrat ion,  ranging from 

1 - 4 pCi/l,and f o r  sediment and so i l  samples, 1 4 pCi/g. 

Total Alpna Radium 

Tae  procedure used was that of Goldin,' wi tn  modif icat ions made fo r  

trie pretreatment of sediment and soil samples. This  modification consis ted 

43 
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T r i t i u n  
IC; 

This procedure i s  t aken  from Krieger e t  al, with t h e  except io? 

I t n a t  t ne  Jolme r a t i o  of s c i n t i l l a t o r  t o  sample i s  increased t o  5:l 

L i x d t  of de tec t ion  is 400 p C l / l .  
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FOREWORD 
- 

This report presents the findings of  trie Septen,,er 970 environmental 
radiation study conducted in the environs of the Rocky Flats Plutonium Plant 
(near Golden, Colorado). The fieLd study and subsequent laboratory analyses 
were -conducted by the staff of the Radiological Activities Section, Division 
of Technical Support, Water Quality Office, Environmental Protection Agency, 
Cincinnati, Ohio (an organizational unit o f  the Federal Water Quality Adminis- 
tration at the time of the study, reorganized -into €PA in December 1971). 
Due to personnel transfers and changes in program responsi bi 1 1  ties, a report 
on the study was not completed by the Radiological Activities Section prior - 
to its dissolution from the EPA organizational structure during the first half 
o f  1973. 
Investisations Branch, Surveillance and Analysis Division, and the environ- 

Since the primary investigators are now members o f  the Technical 

mental impact 
i s undertaken 

of the Rocky Flats Plant is a Region VI11 concern, publication 
as a regional responsibility. 

' 

- 1 -  
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I 1  

I I1 

! VTROOUCT I CY 

Durincj the week of F2bruary 20, 1970, representatives of  the Federal 
Water Qual i ty  Administrat ion v i s i ted  the Rocky F l a t s  P lant  o f  the Atomic Energy 
Comnission (located approximately 21 mi les  northwest o f  Denver, Colorado, - -- 

between Golden and Boulder) The purpose o f  the v i s i t  was t o  obtain informa- 
t i o n  on l i qu id  rad ioact ive  waste management practices-at the fac i  l I ty and the 
environmental surve i l lance a c t i v i t i e s  i n  the p lant  environs Co inc ident ly  
w i t h  the s i t ?  v i s i t ,  l imited water and bottom sediment sampling was conducted 
t o  obtain independent data on plutonium l e ve l s  i n  surface waters rece iv ing  
drainage ( l i q u i d  wastes and land runoff) from the s i t e  and i n  other nearby 
lakes. The f i nd ing s  o f  the invest igat ion  were reported previously i n  1971 (1) 

As a follow-up to  the February 1970 inves t i gat ion ,  an intens ive  f i e l d  
study was conducted during the period of September 21-25, 1970. The bas i c  
objectives were to  determine plutonium l e v e l s  i n  the res ident b iota  of Great 
Western Reservo i r  and Standley Lake and the overal l  d i s t r ibut ion  o f  plutonium 
i n  the bottom sediment of Great Western Reservo i r .  ,At leas t  to  the date Q f  
the study, o f f - s i te  surve i l lance by the p l an t  contractor,  Dow Chemical Company, 
I$S l imited to  water and s o i l  samplinq, plutonium i n  aquatic b iota  was a 

,monitoring vo id  -Stations on Walnut Creek and Woman Creek, inc lud ing  Mower 
Reservoir,  were rev i s i t ed  to  obtain addit ional  data on plutonium i n  bottom 
sediment and document changes which had occurred i n  the intervening seven month 
period 

By v i r t ue  o f  the f a c t  that t h i s  report  presents the f ind ings  of the 
Septeriber 1970 study, it  const itutes a supplement t o  the previous Ap r i l  1971 
report  

- I -  



SPMPL ING PZCCEDURES 

c3 
c. 3 
1. 3 

- r. 1- 

[I 1 

Sampling s tat ions  for water, benthic organisms (benthos), and bottom 
sediment a r e  l i s t e d  i n  TABLE I and shown i n  FIGURES 1-111 Witn the exception 
of sediment and benthos co l lect ion  s t a t i o n s  on Great Western Reservo i r  and 
Standley Lzke,  the sampling locat ions  were ident ica l  to  those establ i shed during 
the February 1970 study As noted i n  the preceding sect ion, a l l  samples were 
co l lected dur ing  the period o f  September 21-25 

sample (approx 4 l i t e r s )  col lected a t  each s ta t ion  throughout the study period 
I t  was assumed that samples col lected from the shallow water a t  the dam faces 
were representat ive  o f  the 
si t i e s  o f  Broomfield (Great 
Uranium and plutonium analy 
separate g rab  samples 

- - 
Water sampling was l imited to  three s ta t ions  (TABLE I) with a d a i l y  grab 

Bottom sediment samples were co l lec ted  from Great Western Reservo i r  and 
Standley Lake (t- IliUKtSlI and 111) with dredqes, P i tersen o r  Eckman, and a c E e  
-smpler. A t  a l l  other s tat ions  (creeks o r  impoundments), sediment samples were 
co l lected by scraping the bottom area below the water l i n e  with a hand trowel 
The use o f  the hand trowel probably produced samples more representative o f  a 
thinner surface layer  than those obtained with a dredge, pa r t i cu l a r l y  the 
Petersen dredge -Sum l a r  to the co l  l e c t i o n  o f  sediment samples, benthos samples 
were co l l ec ted  with dredges 
U S Standard No 30 s ieve A l l  mater ial  retained on the sieve was preserved 
i n  a 5% formalirr so lut ion  for subsequent s o r t i ng  and ident i f i ca t ion  o f  the in- 
vertebrates and plutonium ana ly s i s  

These samples were sieved i n  the f i e l d  us ing a 

- F i s h  samples were col lected with electro-f ishing equipment from the 
shallow water areas near the dam and i n l e t  o f  both Great Nestern Reservoir  and 
Standley Lake. The f i s h  were placed on i ce  immediately after  co l l ec t i on  and 
maintained i n  a frozen state un t i l  processed f o r  plutonium ana l y s i s  A l i s t  
o f  the spec ies  col lected from each area i s  presented i n  TABLE I 1  

S o i l  samples were collected a t  two o f  the three s t a t  

(1) Grazed area ju s t  to the southeast of the road cu 

(2) Ungrazed area near the southeast  corner o f  Great 

These samples were col lected with a hand trowel to  a depth 

sampled i n  February. 

Woman Creek under Indiana S t reet  

ons p rev ious ly  

vert conveying 

Western Reservoir  

of 1/8-1/4 inches 

- 2 -  
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TABLE I 

SAMPLING STATIONS 

Sample Type S tat ion  Number 

Water wc-1 - 
- 

Bottom Sediment A-1 

CA-1 
w-1 
M-1 

M-2 
wc 

wc-1 
wc -2 

wc-3 

WC -4 

1- 3 F i s h  

j I 3  
r: I 
I: 1 

1-20 & 1c-12c 
- 21, 22,  13C, & 14C 

- 

1, 3 - i z ,  14-17 
2 1  & 22 

Descr i  p%ion 

Walnut Creek a t  Indiana Street  
Great Western Reservoir  a t  dam face 
Standley Lake a t  dam face 

Autrey Reservo i r ,  approximately 4 mi le s  
northeast  o f  plant,  Eioulder County 

Ca l k i n s  Lake, north shore 
Woman Creek a t  Indiana Street  
Mower Reservo i r  a t  mouth o f  d i ver s ion  
d i t ch ,  west end 

Mower Reservo i r ,  east  end a t  dam face 
Walnut Creek a t  mouth, i n l e t  of Great 
Western Reservo i r  

Walnut Creek a t  Indiana Street  
Main stem o f  Walnut Creek, 50 feet  down- 

stream of confluence o f  south fork 
with middle and north fo rks  

Middle f o r k  o f  Walnut Creek, 50 fee t  
upstream o f  confluence with north fork 

South fork  o f  Walnut Creek a t  s i t e  bound 
a rY  

Great Western Reservoir  
Stand1 ey Lake 

Great Western Reservoir  
Standley Lake 

Great Western Reservoir,  i n l e t  and near 

Standley Lake, i n l e t  and near dam face 
dam face 

- 6 -  
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TABLE I1  

ELECTRO-FISHING - SPECIES OF FISH 

- 
- Location _- 

- -  
Great Western Reservoir 

(A) Near i n l e t  

(B) Near dam 

Standley Lake 
(A) Near i n l e t  

( B )  Near dam 
- 

- 7 -  

- 
Species 

_ _  

Carp 
Northern Common Shiner 
Western White Sucker 

Carp 
Green Sunf  i s h 
Johnny Darter 
Plorthern Common Shiner 
Western White Sucker 

Carp 
Green Sunf 1 sh 
Large mouth  Bass 
Northern Common Shiner 
Western White Sucker 

- Ye1 1 ow Perch-- 

B1 ac k Bull head 
Carp 
Green Sunfish 
Large m o u t h  Bass 

- Yellow Perch - 
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Ana ly t i ca l  r e su l t s  for  water, bottom sediment, benthos, and f i s h  samples 
a re  presented i n  TABLES 111-VI1 
were analyzed f G r  both d i s so lved plutonium and uranium, rad io log ica l  ana ly s i s  
was l im i tea  to  the measurement o f  plutonium Ana t i c a l  procedures were the 

With the exception o f  water samples which 

same as  those ci9scri5ed ifi the A p r i l  1971 report  1f 1 

Water - 
Plutonium and uranium i n  the water samples from Walnut Creek, Great Westerr; 

Reservo i r ,  and Standley Lake were e s s en t i a l l y  a t  base l ine  leve l s  (TABLE 111) 
and r e l a t i v e l y  unchanged from February 1970 l eve l s  D i s so lved uranium concen- 
t r a t i on s  were less than 2.5 ug/l, typ ica l  of natural  background i n  surface 
waters D i s so lved  plutonium concentrations were l e s s  than 0 03 pCi/1 which 
was considered i n  1970 to  be a basel ine condit ion a t t r ibutab le  to atmospheric 
f a l l o u t  I n  cornparison wtth the February 1970 r e s u l t s ,  the only difference 
was the absence o f  an elevated uranium concentration i n  Walnut Creek (a t  Indiane 
Street)  o r i g i n a t i n g  from plant  waste discharges However, t h i s  f ind ing  i s  not  
o f  great  consequence s ince the elevated concentration observed i n  February was 
not  l a rge  and could be questioned a s  a normal va r i a t i on  i n  background 

As a matter o f  general interest ,  surface runof f  frorri r a i n f a l l  was the 
reason f o r  the h igh  suspended s o l i d s  concentration in  Glalnut Creek on the l a s t  
day o f  saripl ing, September 25 

Bottom Sediment and So i l  

I n  terms of a general comparison among s t a t i on s  sampled during both the 
February and September s tud ies,  plutonium l eve l s  i n  sediment col lected i n  
September (TABLE 1'4) were equal to  o r  l e s s  than the corresponding February 
r e s u l t s  
from emiss ions  from the Rocky F l a t s  P lant  - Ca lk in s  Lake and Autrey Reservo i r ,  
plutonium concentrations i n  sediment were 0 04 and 0 07 pCi/gram, respect ive ly  
These data were ident ica l  with the February r e s u l t s ,  reaff i rming the conclus ion 
that  tke base l ine  concentration i n  the bottom depos i t s  of area surface waters 
was 2 0 10 pCi/gram. 
Mowe r Res e r v o ir exhibited an apparent two-fold increase i n  plutonium between 
February and September 
a t t r ibutab le  t o  normal concentration var ia t ions  and the re la t i ve  imprecision of 
the s o i l  sampling procedure, pd r i i c u l a r l y  ir, an area of l a 1  contzr inat ion 

Consider ing the two impoundments assumed to  be free o f  any impact 

From the standpoint of absolute values, sediment from 

However, i t seems 11 kely that  t h i s  was a pseudo-increzs 

Sharp reductions i n  the plutonium content o f  Walnut Creek sedinent were 
observed i n  September 
l a t i o n  o f  data from the two studies conducted dur ing  1970 

This  i s  i l l u s t r a t ed  by the fol lowing comparative tabu- 

- 8 -  
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TABLE IV 
- PLUTONIUM 11: BOTTOM SEDIMENT SAMPLES 

s ta-t I on 

Autrey - Reservoir - 

Calkins Lake 

Walnut Creek 
South fork a t  s i t e  boundary 
Middle fork 
Mal n stem, bel ow conf 1 uence 
- w i t h  middle fo rk  

- Irldiana S t r e e t  
At mouth 

Great Western Reservoir 

Worran Creek a t  Indiana S t r e e t  

Mower Reservoir 
West end 
East end 

Standl ey Lake 

5 .ation 
Number 

A- I 

CA- 1 

- 

wc -4 
wc-3 
wc-2 

wc-1 
wc 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

w - 1  

- 

M-1 
M-2 

21 
22 

( a )  Dry weight basis  

- 10 - 

Water Oep t h  
(meters ) 

0.61 
0.92 

0 92 
- 

- -  
3 05 
1 52 
1 98 
6 7 1  
4 88 

- 1 a3 - - 
1 83 
4.57 

15 .O 
16.5 
7.32 
1.68 

- - 
3.05 

19.2 

- 

Plutonium C n ent 
(pCi/gram) 9aS 

0 07 

0.04 

- 

0.14 
0 16 
0 29 

0 60 
0.26 

0 34 
0 86 
0 49 
0 57 
0 58 
0 34 
0.61 
0 52 
0 30 
0 25 
0 57 
0 08 

0.15 
0 14 
0 10 
0 08 
0 31 
0 18 
0 12 

0.20 

- 0.16 - 

0 18 
0 18 

0.05 
0.21 



TABLE V 

PLUTONIUM I N  BOTTOM SEDIMENT CORE SAIUPLES 

Station Uater Depth 
Number - (meters) - Stat i on 

Great Western Reservoir 1c 
- 

2c - 

3c 

4c 

5c 

6C 

7c 

8C 

9c 

Standley Lake 

- 
1% 

11C 

12c 

13C 

14C 

0 76 - - 

0 76 

2 14 

1 37 

2 14 

3 os 

7.77 

6 40 

11.9 

11 0 

15 2 

5 49 

3 05 

19 2 

C - I  
1-2 
2-3 
3-5 25 

0-1 
1-2 
2-3 

0-1 
1-2 
2-3 

0- 1 
1-2 

0- 1 
1-2 
2-3 

0-1 
1-2 

0- 1 
1-2 
2-3 
3-4 

0-1 
1-2 
2-3 

0-1 
1-2 
2-3 
3-4.25 - 

0-1 
1-2 

0-1 
1-2 
2-4 
6-7 
7 -a 

13-14 5 

0-1 
1-2 

0-1 
1-2 

0-1 25 
1 25-2 25 
2 25-3 25 
3 25-4 25 
7 25-8 25 

11 25-12 25 
12 25-14 75 
I4 75-15 75 

0 36 

1 0  
0 43 

0 44 
0 71 
0 26 

0 38 
0 29 
0 19 

0 10 
0.09 

3 09 
0 04 
0 07 

0 06 
0 06 

0 27 
0 34 
0 06 
0 09 

0 41 
0 29 
0 05 

0 42 
0 26 
0 07 
0 07 

0 09 
0 03 

0 33 
0 27 
0 11 
0 41 
0 40 
0 06 

0 08 
0 03 

0 09 
0 I1  

0 28 
0 22 
0 13 
0 32 
0 12 
0 37 
0 18 
0 11 

o 58 

1 The l i m i t s  of the range are me surements i n  inches from the too surface of 
the core sample 
to Appendix B) 

110 ;Orrectlon for comoactlon &ring sarrple co l lect ion-  (refer 

(b) Dry weight basis - 11 - 



Total 
Le.15 n 

(C*I 1 

45-85 
283-364 . . 

I 

30-81 

70-132 
140-272 . 

71 
295A378 . . 
31-48 
49-76 
90-125 

I 

8 

129-151 . . 
30-75 

130-ldJ 

329L390 

40-38 

61-90 

55-74 

83 

46-70 
106-130 
171-231 . 

“ 

165 

335-368 . 
69-1C6 

125-147 

155-177 

” . . 
43-59 

106 
160-1 92 

- 12 - 

-ale 
cht 

A - - a & ~ ( a )  

52 0 

10 0 
35 0 

420 

240 

171 

99 
259 
19 0 

12 6 

5 0  
27 5 

27 0 

318 

196 
146 
6 0  
12 0 

8 0  
19 0 

79 6 

163 

115 
10 0 

249 
4 5  
29 0 

13 0 

45 0 

27 0 

158 

50 0 
72 0 

2 5  
20 0 

335 

125 

589 
17 0 

32 0 

45 0 
95 0 

4 0  
9 0  

4 0  
13 0 

56 a 

a9 o 

Number 
o f  Fish - 

1s 
3 

153 

15 
8 

2 
2 

32 
56 
20 

10 

SO 

8 

2 

7 

7 

9 

1 

25 
4 
6 

1 

4 

Soec - -  
Carp 

Statfon 

(A) Near I n l e t  

- 

Great hestern Reservolr 
a2 0 
<o 3 
a4 2 
0 9  

9 6  

e20 

Uhole 
Flesh 
L iver  
k n e  
Roe 

Uhole 

Uhole 
Flesh 
&ne 

Whole 
Flesh 
LIver 
Bone 

Uhol e 
Uhole 
Flesh 
L Iver  
Bone 
Flesh 
Liver 
Bone 

Whole 

Ftrsn 
Bone 

Flesh 
Liver 
Bone 

Uhole 

Uhol e 

Uhole 

Uhol e 

Whole 
Uhol e 
Flesh 
L iver  
Bone 

Uhole 

Flesh 
L i  der 
&ne 
Roe 

Uho 1 c 
Flesh 
Liver 
Bone 
Flesh 
l i v e r  
Bone 

UhOlC 

Who I e 
Flesh 
Llver 
Bone 

r- 3 
Northern C m n  

Shiner 

Yestern White 
Sucker 

3 0  
SO 6 

9 4  

e7 0 
<O b 

4 6 

<J 0 
1 0  

(1 0 
30 
4 4  
4 9 

4 0  
<8 2 

3 7  

e32 

(8) Near dam 

Green Sunfish f: 3 
I- I 

Northern Comnon 

Yestern Yhitc 

Shiner 

Sucker 
<I 3 

d S  

Standlcy Lake 
(8) Near in let  .O 7 

<5 8 
<37 

<13 

< l  1 

.6 2 

Carp 

11 Green Sunfish 

Largemouth Bass 

Northern Comon 
Shiner 

Sucke- 
Yestern White 

Yellow Perch 

1- 1 <1 1 

a1 4 
<I 7 
.1 1 

4 4 

<1 2 

4 3 
9 

1 9  

<73 

14 

.3 4 
1 8  

4 6  
4 9  
<o 8 
4 6  
32 

(8 )  Near dam Black Bullhead 

Carp 

I 1  
Green Sunf 1 sh 4 

7 

Largemouth Bass 3 

Yellow Perch 1 
5 

+ Sample Lost - 
15 0 (10 
100 .A 5 
1 0  <160 
10 0 g 1 7  



P 1 u .on 1 urn 
Concen tra cion 
(pC l / l ; r a m \ ( d  

0 07 
0 0 8  

.O J 
eo 9 
e 1  0 

None Oe tected 

SdfV 1 e 

Inver‘Jrate Sts t ion - 
Walnut Creek d t  Indiana 
Street 

Blackri L >  

Caddisflies 
nayf l ies  
Midges 
Other 
Crayfish 

Predanina~cly ridges 

2247 
3511 
225 4 
92 6 
83 3 
12 4 

treat Yestern Reservolr 
std 1 6 4  

20 8 
39 5 

2 9  
I1 1 

4 7  
19 7 

4 7  

2 9  
3 4  

0 9  
1 8  

5 9  
9 0  

10 3 
12 1 

3 0  
8 6  

6 1  
11 3 

10 3 
12 9 

3 5  

2 0  
3 6  

19 a 

la 3 

21 5 

3 4  

2 6  
22 8 

9 a  
18 7 

r, 1 
r- I 

Midges and Sludgewoms sta 4 

sta 7 Midges dnd SludgmamS 

Midges and Sludgewnns 

nldges dnd S ludgewns  

std 8 

Str 9 

Midges and Sludgewnns sta IO 

sta 11 24 
<9 0 

nldges and Sludgewoms 

Predoninarely S1udgerrons std 12 

Predaninately Midses SCd 13 
-- 

sta IS <13 
<7 0 

Oanselflies. Scuds, Midges 

Predominately SludSekorns 

and Sludgeworns 

e 7  0 
(6 0 

e20 

<35 
e20 

e4 0 
4 0  

e20 
e 5  0 

Sta 16 

Midges and Sludgeucms 

Midges and SiJdgeMmS 
- 

Sta 17 

Sta 18 - - 

r i  Predominately Sludgeuonns 

Payfl ies. Caddisflies Scuds. 

Mid51s 

Midges, and Sludgewoms 

sta 19 

std 20 

I‘1 
1.1 

a 
Standley Lare 

StA 21 nidges and Sludsewmr 

Predcnina tel ,  Sludsewonns 

C ‘  1 ( a )  Ory weight bas i s  
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galrbt  Creek Station P l u t G n i u r n  Concentratior 
(cci / c r a r )  

S o u t h  fork a t  s i t e  boundzry 
Middle f o r k  
Main stem, below confluence w i t h  

middle fork 
Ind i ana S t r e e t  
A t  mouth, i n l e t  t o  Great Western 
Reservoir 

February Septe-Ser 

3 51 0 14 
0 50 0 16 
3 41 0 29 

0 92 0 60 
1 75 c 25 

These data indicated scouring of contaminated sediment from the creek bed 
and/or coverage o f  contaminated zones by l e s s  Contaminated s o i l  washed into 
the creek w i t h o u t  reaccumulation t o  previously observed maximal l e v e l s  by mass 
transport  from the aqueous phase. 1 i char o f  , 
plutonium-bearina l iauid wastes i s  the ma.lor source o f  sediment contarnination, 
the reduced Stptember concentrations were apparently the r e s u l t  o f  h i g h  flow 
short ly  before the c o l l e c t i o n  o f  samples Unfortunately, flow data required 
for a t r u l y  meaningful interpretation o f  the limited sediment data are not 
e x i s t e n t  
between the February and September r e s u l t s  - 0 23  and 0 20 pCi/gram, respec- 
t i v e l y  

In the case of Woman Creek, no s i g n i f i c a n t  di f ference  was observed 

The r e s u l t s  for "dredse" seriples and the top one-Tnch sect ions  o f  core 
samples showed that  nearly the e n t i r e  bed o f  Great Western Reservoir containe 

Plotted i n  FIGURES IV and V ,  only the extrapolated shaded areas represent 
bottom cteposits containing 0 10 pCi/gram or l e s s  o f  p l u t o n i u m  
s e c t o r  o f  greatest  contamination appeared to be the central  sect ion o f  the 
r e s e r v o i r  (inlet&- i t h  maximum concentrationscnear the i n l e t  
%- maximum concentration i n  the t o p  one-inch sect ion was 0 86 
pCi/gram (Station 2) w i t h  an average concentratlon o f  0 50 pCi/gram f o r  - 
S t a t i o n s  1-8 and IC-3C 
1 4 ,  and 15)  showed plutonium concentrations only about 50% higher than the 
baseline value - average concentration o f  0 15 pCi/gram for the three s t a t i o r  ; 
Bank sloughing was observed i n  t h i s  arm I 

plutonium a t  concentrations i n  excess o f  the baseline value, 5 0 1u p Ci7g5il- 

The ares or 

In the 

Sediment samples frcm the northern arm (Stations 13,  

Core samples from Great Western Reservoir showed that  the thickness o f  
deposited plutonium-contaminated sediment was 2 inches or more a t  a l l  loca- 
t:ons (TAELE V )  Near the face of the dam in the deep-water a r e a ,  plutonium 
contamination on the order o f  four times the baseline level was f o u n d  a t  a 
sedi,nent thickness o f  7 t c  8 ifiches ( S t a t i o n  IlC) A t  Station l O C ,  adjacent 
t o  Scation 11C  in the deep-water a r e a ,  baselice concentrations here obtained 
from the core sample 
ferences i n  bottom conditions a r e  taken i n t o  acccjunt Unlike Station 11C 
where the layer o f  "black" sediment was 8" thick (compacted i n  the core tube'l  

, 

However, these findings are  consistent  when the d i f -  

- 14 - 
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o n 1 1  the t ap  one incn  s e c t i o n  o f  the core co l lec tea  a t  S ta t i on  1OC \ a s  o f  
s i r i l a r  C3Tp0>1tiGfi T& 
f 1 nd i ng t ha t p 1 u ton i um-aa t am i n a t 1 o n 3  no t r e  z t r i c t ed to the surface-layer 
o f  bottom sediment suqqests a contamina an 53urc2 o f  some durat ion,  pre- 
*sunably, tbe cont inuous ly  occurr ing d i scnhrge of 1 i qu id  wastes from the Rocky 
F l a t s  P l a n t  

c2low one inch,  c l a y  was foLrd  a t  Stat ion 12t  

Dredge and core samples from the west end o f  Srandley Lake Pear the 
routh  of Nopar Creek (Stat ions  13C and 21) shcwed basel ine concentratlcns o f  
plutonium (TABLES I V  and V ,  FIGURES I V  and V )  
d t  Staticns 1SC and 22 - east  end of  tne lake JUSC offshore of tne dan i n  the 
deep-water area, contained plutonium i n  concentrat ions on the order of two t o  
three times base l ine  Furthermore, the r e s u l t s  f o r  the several sect ions of 
the core sample showed that plutonium contamination was not l im i ted  to the 
surface, but  extended to  a thickness o f  approximatsly  12 inches (compacted 
i n  the core tube) S ince plutomum-bearinq l i a u i d  wastes are n o t m e  
not been discharged to  Woman Creek, the o r i q i n  o f  Dlutonium-contaminate [ ]pJ:' 6' :sediment i n  Standley Lake would have to  be contaninated so i l  transporte: an_d 

con€amination o f  the surface layer  o f  sediment, it  i s  not a good explanation 
fo r  the f i nd ing  o f  plutonium contamination to  a th ickness  o f  several inches 

rJlent i n  the lake.  o r  i sprove as tn e case might be, addit ional  noni tor inq o t  
Nestern Re s z r v o i r  w i l l  be r e w i r e d  3 scope s i m i l a r  to  that  u w d  f o r  Great 

Lr lt i l  t h i s  e f f o r t  is undertaken, the r e s u l t s  f o r  S ta t ions  14C and 22 w i l l  be 
Subject to  quest ion on the bas i s  o f  p o s s i b l e  sample contamination 

S t , r i  lar to tne f i nd ing s  far bottom sediment sai;,-,les from are. surface 
waters,  the two soil samples showed s u b s t a n t i a l l y  lower plutonium concentra- 
t ions  i n  comparison to  those co l lected from tbe s m e  general l ocat ions  in 
February 

In contrast ,  samples co l lectec  

4 
-r 

.XI 

' / p ~  

- 4  "::L.l To v e r i f y  the ex i s tenje  o f  s i g n i f i c a n t  zones o f  plutonium:contaminated.sedi- / 

6' rE' 

g"'$ E s i t e a  i n  the lake by runoff  Although t h i s  is a p laus ib le  source f o r  the 

[ I 

- - - - - 
P1 utonium Concentration 

f l  (pCi /gram) 
Locat ion February September 

Grazed area to  the south- 2 42 0 64 
eas t  o f  the road cu lvert  
conbeying Noman Creek under 
Indiana S t ree t  

Ungrazed area near the south- 
eas t  corner of Great Hestern 
Reservo i r  

0 42 CI 
L-1 

F i s h  and Eenthos 

0 14 

Information presented i n  the 11 terature  reviewrof Olafson and Larson(2) c1 
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on the b i o l o s y  and environmental perhistance o f  PIUtOniun l eads  one-to the 
conclus ion  ' - t  plutonium entering the k a l n u t  Creek - Gr-e;: Western R e s e r v o , ~  w-:~ t i l e  r e 2  o f  l i qu id  waste re leases  u l t imate ly  a 'umulates i n  t h e -  
re se r vo i r  sediment i , i t h  very l i t t l e  t rans fer  to and cyc l inb i n  aquatic biota 
Among t he  conclus ions  reached by Olafson and Larson, the fol lowing are  per t i -  
nent to  the Rocky F l a t s  " s i tuat ion  

( I )  Plutoniun is absorbed by plants  growing on contariiinated s o i l  to an 
in f in i tes ima l  degree, although i t  may be found a s  an external ccn- 
taminant on vegetation - 

(2) Ingested plutonium i s  absorbed and retained i n  animal t i s s ue s  t o  
on ly  a very small degree 

(3) Based on animal t i s sue  assays, very  l i t t l e  plutonium ga ins  entry 
i n t o  mammalian systems 

I n  animals,  ingested plutonium concentrates 1 1 1  'uwe aiid l i q e r  t i s s ue  
i s  a l s o  concentrat ion i n  reproductive t i s s ue  

There 

The r e s u l t s  f o r  benthos and f i s h  (TABLES V I  and V I I )  genera l ly  showed 
that there was no s i gn i f i can t  accumulation o f  plutonium i n  the b iota  o f  
Great Western Reservo i r  and Standley Lake As evidenced by the preponderaqce 
o f  " l e s s  than" r e s u l t s ,  small sample s i te ,  pa r t i c u l a r l y  i n  the case o f  benthos 
samples, prevented the conduct o f  analyses  with the h igh  degree o f  ana ly t i ca l  
s e n s i t i v i t y  requi red f o r  de f i n i t i ve l y  determining absolute concentrations 
Excluding the f i v e  po s i t i ve  re su l t s ,  the "best"  detect ion l i m i t  f o r  benthos 
samples was about 40 F C i  per  kilogram ( l i v e  weicjht)(a) whereas the desired 
s e n s i t i v i t y  was with in  the range o f  0 1 to  1 0 pCi/kg Furthermore, con- 
s i de r i ng  sample s i z e ,  only the po s i t i ve  r e s u l t s  f o r  b l ack f l i e s  and caddis- 
f l i e s  frorr, Walnut Creek a t  Indiana S t reet  should be given credence as  v a l i d ,  
absolute concentrat ions 

A1 though the ana l y s i s  o f  f i s h  samples a1 sop roduced few  absolute concen- 
t r a t i o n s ,  l a r g e r  sample s izes  - gram amounts instead o f  mi l l ig rams - enableci 
the conduct o f  analyses with p rec i s ion  cons i s tent  with the range o f  expected 
low concwt ra t i on s  (refer to TABLE VI11 - p lu tm ium i n  foodstuf fs  reported 
in 1959 by the U S Atomic Energy Commission) 
( f l e sh )  , the plutonium concentrations in a l l  spec ies  from both imDoundments 
were less  than 2 pCi per kilogram ( l i v e  weight). 
these f i s h  would be in s i gn i f i cant  from the standpoint o f  re su l tant  radiat icr i  
dose becalrse the d a ~ l y  intake l i m i t  f e r  the generTJlpublic, a s  recormenbed 
by the l lational Committee on Radiat ion Protect ion , i s  approximately 370C 
$1 0': p lutcn iun  One finding o f  i n te re s t  was the apparent accumulation of  
plutonium i n  carp roe 
r a i s e s  tne quest ion of a poss ible genetic effect on f i s h  

- 

Considering edible t i s sue  

Hence, human consumption of  

Although beyond the scope of t h i s  report ,  t h i s  f i nd inc  

(a) Calculated on the bas i s  of an assumed moisture content o f  9PL 
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TABLE V I I I ( a )  

PLUTONIUH CO:,~.EtITRATIOMS I N  ' "TOUS FOOD 1TE;:S AND PLA (TS 

R a i n  

A l f a l f a  a s h  

Y i l k  

Wheat a s h  

Swordf 1 s h 

Pork l i v e r  

Beef meat 

r Ai 
I 

S I  
f c :I 

I: '1 
t ?  

tl 
II - -  

L -  

I 

I tern 
Plutocium-239 Concentration 

(pCi / k i  l o y a m )  

0.18 

430 t o  800 

0 16 

130 t o  670 

0 34 t o  1 0 

0 56 t o  2 7 

0 19 (meat o f  chuck steak) 
18G ( f l u i d )  

( a )  TABLE 4 i n  Reference 2 (data from U S Atomic Energy Corrmission, 
Qua r te r l y  Statement on F a l l o u t  i n  " F a l l o u t  from Nuclear Weapons 
Te s t s .  Hear ings  before the  Spec i a l  Subcon-aittee on Rad ia t i on ,  
Joint Cornittee on Atomic Energy ,  Congress  of the U.S , May 5-8, 
1955," pp 2188-2198, U S Government P r i n t ~ n g  O f f i ce ,  Washington, 
D C , (19591). 
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As ide from radiologic-1 cons iderat ions,  benthos and plankton sampling 

shot -j the presence of po l lu t ion  to le rant  organisms- i n  both Great Western 
Reservo i r  and Standley Lake, ind icat i ve  of enriched eutrophic condit ions 
I n  the case  o f  Great Western Reservo i r ,  the cont r ibut ing  pol luton sources 
are domestic-type wastes from the Rocky F l a t s  P l an t  and ag r i cu l tu ra l  runoff 
whereas o n l y  the l a t t e r  i s  the source t o  Standley Lake 
aspects  o f  the f i e l d  study are presented i n  de ta i l  i n  Appendix A 

The p o l l u t i o n  b io logy  

- 20 - 
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The September 1570 f i e l d  s t u c j  produced the fol lowing s i g n i f i c a n t  
f i nd ing s  - 

(1) Almost the en t i r e  bed of Great Western Reservoir  was covered 
with  sediment containing plutonium i n  excess o f  the estimated 
basel ine concentrat ion,  5 0.10 pCi/gram 
layer  o f  plutonium-contaminated sediment was 2 inches o r  more 
a t  a l l  such sampling s t a t i on s  The maximum concentration of 
approximately 1 0 pCi/gram was obtained a t  the i n l e t  area of 
the impoundment 

The thickness o f  the 

- (2) Limited sediment sampling i n  the deep-water area of Standley 
I irke indicated po s s i b l e  sectors  o f  plutonium contamindiion 
attr ibutable  t o  pa s t  emiss ions f rom the Rocky F l a t s  P lant  

(3) F i s h  and benthos from Great Western Reservo i r  and Standley Lake 
did not show s i gn i f i can t  accumulation o f  plutonium 
species of f i sh,  the concentration In f l e s h  was <2 pCi/kilograrn- 
l i v e  weight A t  t h i s  low concentrat ion,  human consumption a t  an 
abnormally h i gh  intake r a t e  of one kilocjram per day would be 
inccnsequential i n  terms o f  rad ia t ion  dose 

I n  a l l  

In that  t h i s  study was the i n i t i a l  ca r  qrehensive e f f o r t  a t  determining 
plutonium' concentrations in the biota  and sed i r en  t of Grea t  Western Reservo I t- 
and Standlev Lake. a d d i t i n n a l i t n r -  111 be necessary t o  determine the 
representat iveness o f  the spec i f i c  r P zu l t 5  as  maximum, steady-state values 
o r  "po in t s "  on curves showing tncreasrng o r  decreasing trends 

- 
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a )  

e 
A biological  study was conducted on Great Western Reservoir d u r i n g  the 

sk of September 21  t o  2 4 ,  1970 Objectives o f  the study were t o  determine 
e f f e c t s  on the reservoir  o f  domestic sewage discharcjed t o  Walnut Creek, a 

t r ibutary  t o  the r e s e r v o i r ,  from the Rocky F l a t s  P l u t o n i u m  P l a n t ,  and b )  the 
exist ing l e v e l s  o f  p l u t o n i u m  i n  the sediments, benthic invertebratescand f i s h  
i n  the reservoir  

In a lake the c lean water benthic community i s  usually composed of many 
kinds of organisms, each k i n d  being few i n  number 
discharged t o  a l a k e ,  the number o f  kinds of benthic organisms are  reduced and 
the remaining organisms are  able t o  increase i n  number 
domestic sewage or runoff from surrounding agricultural areas mzy have an oxycec 
consuming layer of decomposing organic material 
e i t h e r  an inflow of suspended organic matter which s e t t l e s  t o  the bottom or by 
the contribution of l a r g e  amounts o f  nutrients which cause an increase i n  the 
plankton population d u r i n g  the spring and a resultant  d i e - o f f  and set t l ing of 
the plankton each f a l l  

When domestic sewage I S  

A lake receiving 

Such a layer  i s  caused by 

The water layer abcve a bottom of decomposing organic material i s  usually 
low i n  dissolved oxygen and the bottom material supports only small numbers of 
pollution t o 1  w a n t  organ1 sms 

Met hods 

Samples of the benthic invertebrate populations were obtained from Walnut 

Benthic invertebrates were collected fror;; 
Creek and the reservoir  w i t h  e i t h e r  a Petersen dredge o r  Ecknan dredge 
s tat ions  a r e  depicted i n  FIGURE I1 
a l l  s t a t i o n s  except S t a t i o n s  2, 3, 5, 6 ,  and 14 
through a II S Standard No 30 s ieve  and material retained on the sieve was 
preserved i n  f i v e  per c e n t  formalin 
ident i f ied i n  Cincinnat i ,  Ohio 

Samplin 

Dredge samples were sieved 

All samples were picked and invertebrates 

S h o r t  five-minute tows were made w i t h  a plankton net near the i n l e t  and 
The middle o f  Great Western Reservoir and near the middle of Standley Lake 

concentrated plankton samples were examined to  determine the qual i tat ive com- 
position o f  the algal populations i n  each water body 

Results 

The bottom sediments i n  Great Western Reservoir d i d  not support large 
numbers of organisms (TABLE A-I and'FIGURE A-I) Only i n  an area extending 
from the i n l e t  o f  Walnut Creek and the offshore areas near the dam were the 
numbers of organisms large  enough t o  merit mention (FIGURE A-I) 
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s 3ndley ' 1 - L a l n u ?  Creek Great 'r(es.e-n Resermfr  
1 3 4 5 6 7 8 9 10 11 12 14 IS 16 17 2, 3.. 

k y f l  l e r  
Bae'ls s p  272 Q 
Caenlr sp 5 Q 

Chematoorvche sp 1924 9 Q 
Aeotricnie rp  12 

Caddlrfl ies 

Damselflies 
cdonat3 

Scuds 

Mldaes 

Hyalella sp 22 

81 t ing Midges 

Phantm Mfdse 

Mosqu i to 

81 ackfl ies 

Stilobezzia sp 

Chacborus sp 

Cul icinae 

5 l ~ ~ l ~ i d a t  

Snails 
P_hvsa S? 

Sludgewarns 

411 
10 
2 

9 

Q 

0 
Q 

65 7 10 7 21 3 
1 

11 
8 

Q 

Q 

Q Q 7 
Q 

- 

Q 4 Q 34 3 24 26 

2 5 Q  
2 3 

31 

Cralfish 2 

10 Q 

1 3 4  Q 

Q 

1671 

3 

1s 24 3 14 24 74 S 2 Q 72 46 19 2 10 5 19 16 I C  

TOTAL hUMSE2 

TOTAL KINDS 

1359 89 10 24 31 96 28 5 4 76 50 27 36 13 29 52 16 6 

13 6 2 2 3 3 1 0 2 2  4 2 8 3 3 2 3 2 ?  

Q = Organism not collected quantitatively. arbitrarily given value of 1 for computlng number of kinds 
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The i n l e t  ( S ta t ion  1) supported ;I diverse poDulaticr o f  orc_?eisrns thz' 
received nu t r i en t s  from Walnut Creek itle creek supported an enriched CCK- 
n u n i t y  of 13 k inds  o f  orgariisms numbering 4359 per square foot,  dn i r d i c a t i c  
chat n b t r i e n t s  discharged from the Rocky F i a t s  Plutonium Plant ac fec t  the 
benthic community i m e d i a t e l y  upstream f rom the reservo i r  A t  the i n l e t  o r  
upper elid o f  the re se r vo i r  ( S ta t ion  1) the populat ion o f  benthic organisms 
pias concosed o f  s i x  k inds with a tota l  number o f  89 organisms per  square f c o t ,  
twice a s  many organisms per square f o o t  as  co l lected i n  The upper end o f  
Scznd ley  Lake (S ta t ion  21) which i s  not reported to  receive domestic sewage 

Great  Western Reservo i r  had low nuribers o f  benthic organi sms a t  a l l  
s t a t i o n s  except S ta t i on s  12, 16, and 19 ,  where the benthic community was pre- 
dominately sludgeworms numbering 74 ,  72, and 46 square foot,  re spect i ve ly  
The l a r g e r  numbers of sludgeworms a t  these s t a t i on s  as opposed t o  the other 
areas o f  the lake (TABLE A- I )  were probably due to nutr ients  rec2 ived from 
Walnut Creek Other areas of the re se r vo i r  that  would have been zffected by 
nu t r i en t s  in runoff  water, and not domestic waste, such as S ta t i on s  10, 13, 
and l ~ ,  d i d  not support large numbers o f  sludgeworms. The deep water area 
o f  the Great  Western Reservoir  represented by Stat ions  17  and 13 supported 
Gnly small numbers of po l l u t i on  to le rant  midges and sludgeworms (TAGLE A-I, 
FIGURE A-I) The reduced number of organisms i n  t h i s  area o f  the reservo i r  
has czclsed by the presence of a l ayer  of black decomposing o r g a n i s  material 
OP tne bottom Cores o f  the bottom material  revealed 9 t o  2 1  inches  o f  
t l ach  seairiisnt covering the oottor,i Bottom samples had a s l i g h t  hydrogen 
su lph ide odor S ince  a s im i l a r  black organic material was co l l ec ted  a t  
S ta t i on  22 i n  Standley Lake, the assunipticn must be made that both lakes  
rece ive  nu t r i en t s  ana organic rraterial f r o m  land runoff  and such material 
s e t t l e s  i n  the deeper areas where i t  decorposes I n  the case o f  Great Wester- 
Re se rvo i r ,  tne nut r ient s  received front Walnut Creek add to the ef fects  o f  
n u t r i e n t s  from ag r i cu l tu ra l  drainage, thus a f fec t i r g  a larger  area o f  the 
r e s e r v o i r  

In tne plankton samples from Great Western Reservoir,  f i l  ter-clogs ing 
abundant, and tas te  and odor o r gzn i s x s  S J C ~  crsar isrns sdch a s  i le los i ra  sp 

a s  Staurastrum sp. and Ceratium sp  were present,  indicat ing p o s s i b l e  water 
treatment problems P o m t o l e r a n t  M ic rocys t i s  sp was a1 so present , 
and i n d i c a t i o n  ti ar: tne reservo i r  water contained excessive amohnts o f  nut1-7- 
ents.  Standley LaKe phytoplankton were predorrinantly composed o f  the pol - 
l u t i o n  to l e ran t  a lgae t l ic rocyst i s  sp and Anabaena sp , i nd icat ing  the lake 
has rece ived  enougri nutr ient  from agr icu l  t m o f f  to becow h i gh l y  e.,- 
r i iherf  o r  eutropnic 

0 - 1  
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e AaSTnACt  

Plutonium concentracic IS  in the bed sediment of reseivoirs  (Great Western Reservoir, 
Scandley Lake, Cro-ry Creek Reservoir, Harston Lake, and R i l s ton  Rescrvo:r) in the 
environs o f  tne A Z W i C  Energy Comnission Rocky F la t s  Plant were determined by drec;e 
and core sampling. Great Western Reservoir and Standley Lake were rarnplt4 during 
October, 1973, tne stbet  three impoundments during Apr i l ,  1974 The baseline level 
o f  plutonium-239 in bed sediment attributable to worldwide fa l lout  uas tound to ke 
I < 0 10 pCl/gram (Crj e i g h t )  Correspondingly, She maxirruni concentrations in tPc 
top layer of sediterlt , n  Great Western Resewoir derp approximately 4 0 qCi/grar: {d-y 
weight) The t h i C t i c e S S  of the ldyer of plutonium-contaninatcd sediment i n  the re- 

0 CEllLORYlNG OllGAN4LATICh +ll??=S- 3 

%A/ 7 I8 -2 9 
7- 

10 PAOGRAW ELEbCNT NO 

11 cONTRACTIGRANT kO 

i a  -IPS oc R e c o w  Aao remoo -ObL*So 

Invest i qa ti ons 1973 
14 SCONSO1)INQ AGPWCV COO& 

servgir was 2 cm ar -ere a t  most samplinq stations. 
Reservoir receivea 1 i w i d  wastes (plutonium-bearing) from the Rocky Flats  Plant v 
the t r ibutary s t rem,  Ualnut Creek. 

Through 1973, Great 'Vestern 
a 

P l u ; s n i u ~ - 2 7 3 ,  to: selivent, AEC Rocky Radiological contaninati 
F l a t s  P l a r , t  sediment accumu 1 a tlor , 
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In Septencer, 1973,  the U S 
request from the Ca'crtdo 5eparL"iert o f  Health to a s s i s t  11; the invest igat ion 
to veri(/ tne suspecczd ro iease(s )  df  t r i t l u q  in l i cu id  wasces f rom the Qockv 
I l a t s  Plant or tie u 5 Atomic inp-gy Comission AI though focused on m e  
determination of t r i t l u v  concent*ations i n  area surface waters and the identi- 
f i c a t i on  o f  the sonce ( s )  o f  such contamination, the overall scope sf f i e l d  
invest igat ion  was expanaod t o  include the moni t o r i r g  o f  plutonium contamina- 
t ion  o f  bottom sealrent in  Great Western Reservoir and Standley Lake (corducted 
during CctoDer, 1973) 80th o f  tneso reservo i r s  l y ing  short  distancPs to the 
east  o f  t9e p lant  receive Graipage from the s i t e  
Reservoir  received treated 1 iqu id  wastes (plutonium-bearrng) from the Rocky 
F l a t s  Plant v i a  the t r ibutary  stream, Galnut Cree4 

Extensive sampling of bottom sediment i n  Great Western Reservoir was conducted 
prev ious ly  by the Environmental Protection Agency during September, 1970 
sampling program also invoiv d sediment sampling o f  an exploratory nature 'n 
Standley Lake 

(1) Almost the ent i re  bed o f  Great '&stern Reservoir  was covered with sediment 
containing p l u t o n i m  i n  excess o f  the estimated baseline concentration, 
5 0.10 pCi/gram, attr ibutable to worldwide f a l l ou t  from nucletr  weapons 
test ing  

Mater area of Standley Lake attr ibutable to "accidental" reledres from tne 
Rocky F l a t s  Plant 

Envlronrnental Protection Aqency responded to  3 

Thraugh 1973, Great destern 

This  

As reported ?l), the 197'1 f ind ings  indicatea the fol lowing 

( 2 )  The poss ib le  existence of sectors of plutonium contamination i n  the deep- 

A s  a follow-up to tncse findings, the subject sediment i nws t i ga t i on  was con- 
ducted to document cianges i n  the plutonium contamination o f  the sediment bed 
of Great Wsstern Rescrvo i r  over the intervening period of three years - September, 
1970, to October, 1373 
sediment was conducted to confirm the presence or absence o f  contaminated areas 

Addit ional ly,  extensive ramp1 i?q of Standle i  Lake 

To d i f fe rent ia te  Cetdeen sediment contamination caused by plutonium releases 
from the RGcky f l a t s  Plant v e r w  that resultrng from wr ldw i l a  td l lout ,  SeGi- 
ment samoles were col lected on Apri l  18, 1974, from Cherry Creek Reservoir,  
Marston Lake, and Galston Reservoir  Considering the predominant wind d i rect ion  
and the distances from the p laot  to the reservo i r s ,  sediment contamination i n  
these reservo i r s  attr ibutable to gaseous effluents or windborne sources (con- 
taminated s o i l )  or ig inar ina  a t  the Rocky F la t s  Plant was considered negligible 
The three ifrpoundments are not impacted by l i qu id  eff luents  from the plant 

I 
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8ot tm bedtilent samDling stations in Great kestern Reservoir 3n5 Standley .e 

Lake a re  cnown i n  Figures I and I 1  
dreage samies  was preoominent with th i s  type collectea at 37 o f  the 39 
stations However, the ma,ority of the statlons (21  o f  39) were also char- J 

actertzed by the collection o f  both core and dredge samples 
ment collection for Great Westarn Reservoir and Standley Lake were October 18 
and 25, respectively, 
IF the :ollection of samples from these trm impcundmentr 

Baseline sediment samples were collected from Cherry Creek Reservoir, Marston 
Lake, and Ralston Reservoir on Ap r i l  18, 1974 Soecific sampling locations 
are l i sced i n  Table A 
dredge samp 1 es 

Dredge scmples were collected by the use of a Peterson dredge (without weights) 
To obtain the corriposite dredge sairple for radiological analysis, the below 
procedure was followed 

For these stations, tne collection o f  

Dates of sedi- 

Personnel from the Colorado Department of tical th assisted 

For these impoundwnts, sampling was limited to 

(1) The sediment sample contained i n  the jaws o f  the dredge was emptied into 
a pan. 
with as  l i t t l e  disturbance as possible 
achieved successfully depended on the cohesiveness ef the sample 

(2 )  In the case of a f a i r l y  cohesive sample, the composite sample was prepared 
from aliquots obtained by scraping the sample surface with a hana trawel 
For non-cohesive samples whic,'r underwent signif icant mixing in the closed 
dredge as well as i n  the process of being removed from the dredge, the 
comosite sample was prepared from aliquots jddged to be representative 
o f  the overall sample texture That i s ,  an a t tmpt  was maoe to duplicate 
the relat ive qercentages of clay-like aaterialr, s i l t ,  coarse materials 
(gravel, etc ) and f ices (sand). 

Duplicate composite samples were prepared a r  811 locations for  analysis by 
the Colorado Department o f  Health and €PA 

A Phleger Gravity Corer(a) was used to collect a l l  but three core samples 
Shallow water dqaths a t  Stations 1, 2, and 4 i n  Great Western Reservoir pre- 
vented :he use of the corer 
the p la s t i c  core tube into the sediffenf bed 
ments of the depth o f  penetration of  the corer and the corresponding l w g t h  
o f  the collected sample were taken to indicate the tcldtive degree of compaction 
during the collection procedure 

Caution was exercised to remove the collected sample as a layer 
The extent to which th i s  was 

These samples here collected by manually pushing 
A t  a l l  stations, f ie ld  measure- 

Core samples were maintained i n  the frozen 

(a)  Equipped with a 2 '  netal coring tuoe \rhich Cloused a plast ic  core tube 
(1 5 inch inside diameter) 

- 2 -  
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Reservoir  

Cherry Cree4 Reservoir  
(approx imtely  24 miles  southeast 
o f  the Rocky F l a t s  Plant)  

(aPprox imtely  19 mi les  southeast 
af the Rocky F l a t s  Plant,  

(approximately 3 miles south o f  
the Rocky F l a t s  Plant)  

Marston Lake 

Ral s ton Reservoir  

S ta t i  on 
tlunber Location 

CC-1 Approx Id0 meters from the 

CC-2 Approv 90 meters frm the d m  

M- 1 Approx 45 meters from the inlet 

M-2 Approx 45 meters from the i n l e t  

R-1 Approx. 45 meters from the head 
end (mouth of Ra ls ton Creek) 

R-2 Approx. 0.4 k i lomiters  from the 
head end 

R-3 Ap7rox. 0 8 kilcmeters from the 
head end (equ i d  I s tan t be tween 
the head end and the dam) 

R-4 Approx 0 4 L i le-eters  %m tha 
dam 

R - 5  Approx 45 meters from the d m  

i n l e t  



' a  ztate during the interim seriod beheen collor,:ion and Fro'ess1Pg ia )  A 
se1ec:ed numser o f  care sections were providec to Dcw Chemqcal Canpany f o r  
their own analyses 

All EPA ;amples were analyzed i n  the Office of 'adiation Programs radiocheitstrj  
laboratory, National Ewiron-!ental Resiarch CenLet, Las Vegas, Nevaaa 0roc;e 
samples were analyzea f a r  plutoniur-23 and 233, cesium-137, k r y l l  ium, ard 
potassiun, selected sampler a l so  were analyzed for strontium-89 and 90 Core 
sections were analyzed 'or plutonium-223 with selected sections a1 so analyzec 
fo r  plutonium-238 and Leryil  run 

(a) The orocess of " s c c t i on in~ "  each core sample i n i t i a l l y  involved thawing 
the sample and subsequently forcing the water out o f  the tube by pbsbing 
the scdiment core upward with a metal plunger (core tube I n  a vertical 
posit ion) The cote sample was then sectioned by a stepwise process of 
pushing the sediment core upward and out of the tube, the exposed incre- 
ment or step i n  each case being equal to  tPe desired lengtn o f  the core 
section During the sectioning process, the core tube uas held ,n a 
vertical posit ion ana the desired core section was pushed into an inverted 
g l a s s  jer held at  tbe end of the tube A dide-blade knife das used to 
cut each section 

I 

- 6 -  
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Plutoiiiun-i39 - (~buI  ts fo r  core and dredge samples f,-om 
the five inpounaments - Cherry Creelc Reservoir, %rst;n 
LaKe, Ralrton Reservoir, StG+Iclley L i K e ,  and Great '&StPn 
Rcservoi- - are presented in Fables I1 - I d  T'k plutonfm- 
239 results  f o r  dredge samples Crort Great '&stern Reservoir 
and Standley Lake also are shown 1 i F l g u n s  111 and IV. 
Analytical data for other pararctcrs (cesium-137, strontlum- 
89 aRd 90, plutonium-238, k r y l I i u m  and potassium) are 
presented i n  Appendix A.  

Physics1 descriptions o f  the core samples. Includlng cmgactlon 
mersurcnents, and corresponding photograph$ of the sampler 
prior  to  "sectioning" are compiled i n  Appendix 0. 
positions o f  dredge samples frm Cherry Creek Reservoir, 
Marston Lake, and Ralston Reservolr are described in th i s  
s a  appendix. 

The c a -  
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3 Approx;mate 
l a t e r  Depth 

(;.e t c r s  ) Reservoir  and Stat ion  
Cherry Creek Reservoir 

cc-1 
cc-2 

3 
4 5  
6.0 

c 0 .  Oi 
co 05 a Marston Lakt  

M- 1 
M :  

3.6 
4.5 

e0.02 
0.13(b) f * 

Ra 1 s ton Rescrvo i r 
R-1 
R-2 
R-3 
R-4 
R-5 

5 2.4 
I .5 

q0.06 
0.03 

~ 0 . 0 3  
0.04 
0.06 i 33 

.. 
I 
l 

'. 

I 

l a )  Dry weight B U l S  
( b )  Resu l t  ver i f i ed  by rep l icate  ana ly s i s  
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Approxtma te C~re  S m p l e  
Water Dredqt Sample Lore\ D I  
Gep th P 1 u ton I um- 2 39 Sect I on Plutonium-239 

S ta tfon (neters) GC 1 /wan) ( a )  (cn) I ~ c  t/qram) (a  ) 
1 0.6 0.11 'k Core 

2 0 8  0 0 4  ho core 

3 3 5  O.Gf ha core 

4 1 0  0 04 0 - 2 5 4  

S 4.5 0.08 0 - 2 5 4  

7.62 - 10 2 

10.2 - 12.7 

6 5 0  0.06 No Con 

7 9.5 0.15 0 - 2.51 
2.54 * 5 08 
14.0 - 16.5 

8 4.0 0.08 0 - 2 5 4  
8 89 - 11 4 

9 2.5 co 02 M Core 

c0 06 
e0.04 

0 0 8  
e0.03 

e0 06 
(0 07 
CO. 08 

co c9 
<O. 07 

10 1.0 0.08 No Core 

11 4.5  0.03 No Core 

12 13 0.10 0 - 2.54 0.10 
2 54 - 5.00  e o  08 

17 8 - 20.3 ~ 0 . 0 3  

13 6.0 0.03 0. - 2 54 (0.06 
7 62 - 10.2 (0 06 

. 
(a) dry weight basfs .  
(b )  The limits o f  the ranqr are meilsltrcmA-:s in centifreters from the top 

surface o f  the core sa-)lc 
during sample col1ect:cn 

No corrtc:icn was made for ccmpaction 
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Core Sample 
Approx 4-ate 

Water Oredqe Sam1 e Core i a I 
Depth P1 utcnium-22 Plutonium- 3 I Se;t’yn b C 1  / g r m )  Pa7 S t a t i o 1  !rre?ers) LPCi/aranl CZl 

14 6 0  0 0 8  No Core 

15 6.0 (0.06 No Core 

16 21 

17 9.0 

1 

0.17 0 * 2 5 4  
10.2 - 12 7 
15.2 - 17 8 
27.9 - 30.5 

(0.03 0 - 2.54 
5.08 - 8 89 

<o. 10 
0.11 
0.07 

~ 0 . 0 4  

<O. 16 
e0  04 

.. 

. 

c 
, I  
i 

r 
f - 

v 

‘ 0  - 
- 10 - 

I 
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TABLE I V  

- Core Samole 
Core(b) 

f a ?  
Section 

(cn) b C i  /gram 1 
0 - 2 5 4  1.0 

2.54 - 5 08 1.3 
14.0 - 16.5 0.10 

0 - 2 5 4  0 54 
2 54 - 5.08  0.25 
6.35 - 8 89 CO.02 

No Cora 

0 - 3.49 0.25 
4.45 - 8.e9 eo. 02 

Plutoniuw 3 

Apjroximte 
Yater 
Oeo th 

Statfon L m t c r s )  
1 6 5  

Gredqe Sam1 e 
Plutonium- 3 
b C i / g r a m )  Pa! 

2 0  

2 0.6 0 61 

3 2.5 

4 0.5 

2.9 

0.46 

5 1.0 0.18 0 - 2.54 0.57 
2.54 - 5.08 0.61 
7 62 - 10.2 ( 0 .  07 

6 4.0 No Dredge 
Sampl a 

0 - 2 5 4  0.47 
2 5 4 -  s o d  (0.07 

10.2 - 12.7 (0.07 

7 4.0 2 .5 0 - 2 5 4  3 .8 
2 54 - 5.08 e0 06 

12 7 - 15.2 (0.03 

8 3 5  1.4 0 - 2 5 4  2 6  
2 54 - 5 00 4 5  

17 8 - 20.3 (0 03 

9 0.6 

10 5 5  

11 3.5 

12 5.5 

0.10 

2.3 

1.2 

(0. 06 

No Core 

No Core 

No Core 

No Core 

( a )  Dry u v i g n f  basis  
(b) The limits of  the range are m e a t u r m n t o  i n  centimeters fro9 the t o p  

curfsce o f  the {ore samolc 
during sample collcction. 

No correction was made for compactton 

- 11 - 
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TABLE IV (cmtinued) 

Care Sarnolo Approximate 
ka ter Dredge Sample Cere ib )  
Depth P1 u ton 1 urn- 39 Section P 1 u ton I um - 2 3 9 -- Statfon , (meters) 0Ctlgran)ta) ( C I )  (pCi/aran)(a) 

13 

14 

3.5 

9 5  

0 44 

4.1 

0 - 2 5 5  
8 89 - 11 4 

0.34 
<O 06 

0 - 2 5 4  
2.54 - 5 08 

17 8 - 20 3 
2 6  
2.2 

eo 08 

15 

16 

9.3 

4 5  

2.5 

0.62 

0 - 2 5 4  
5 0 8 -  7 0 3  

0 * 3 8 1  
3 81 - 6.35 

11.4 - 14.0 

0 30 
eo. 07 

1.3 
0 35 

17 

ia 

19 

2.3 

0.8 

9.0 

0.68 

0 19 

1.8 

No Core 

No Core 

0 - 2.54 
2.54 - 5.08 

K.7 - 15.2 

3.9 
1.9 

e0  04 

20 12 3 .a 0 - 1.91 
1.91 - 3.18 
13.7 - 16 2 

5 8  
4 4  

e0.04 

7.3 0.29 0 - 2 5 4  
2.54 - 5 08 
17 1 - 13 7 

2.2 
0.71 

<o 04 

22 No No Credge 0 - 2.54 0.10 
Mea su rmcn t Samp 1 e 5 0 8 -  7 6 2  x o  10 

12.7 - 15 2 co 04 

(c) As shown in Figure 1, the core and dredge samples f o r  this sampling station 
designation were not collected in the same approximate lccation The 
dredge sample was collected more inshore in shallow wafer 

- 12 - 
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I. 

With ope ex:eotion (Station M-2, Marsion Lake), dredge samples from Cherry 
Creek Reservoir, Marston Larte, and Ralston Qeservoir contained plutunium-239 
a t  concentrations substantia:ly below 0 LO pCi/grm (Table 11) 
previous firclings leading to the conclusion that the baseline level o f  plutonium- 
239 contc?tnation i n  the b2d sediment of area surfdce waters is typ1ca:ly less 
than 0 iC ;Ci/gram 
Station M-2 Cn trarston Lake was cansidered to be more o f  a spurloids resu l t  than 
a real carcentration. The factors uhich could have contributed to a 'high" 
r e su l t  bere many. However, since the composite sample was analyzed i n  duplicate, 
t(le reason was more probably one o f  sample collection and preparation as opposed 
to analytical inaccuracies. T h a t  i s ,  the cmporite sample prepared from the 
Petersen dredge sample may have k e n  biased in the percentage of  "f ines" and 
somawha t unrtpresentati Je of actual bco conditions. 

Taken co!lectively, thh plutonium-239 r t su l  ts for sediment samples collected 
from Standley Lake did ,lot indicate any discernible contamination attributable 
to the RKky f l a t s  Plant (Table I I I j  Only the dredge sMples from Stations 
7 and 16 showed concentrations s l i gh t l y  in excess of the established baseline 
value (0.15 and 0.17 pCl/grm wtnts e0.10 pCt/gmm). HOWCC, cot8 samples 
from these two locations ware ;haractarized by baseline ievels i n  all awylred 
sectlons. kctordingly, base:inr conditions were concluded to k existent I t  
these tmr lacctions since the core samples *re more representative of the 
undisturbed tediaent bed.(a) A ~ l y t t t  ef cot. u c t t on s  from a l l  athat sampling 
locations a l so  rhmd bmel+meeocmcmtn~tions o f  ptutmttn+23?. w a d  to 
the findings ef the 1970 study, the tndication o f  p o r t l b l t  mntrnlnattm to a 
depth o? apprrnimtaty 36 m (cmpaeted} in the (UIP r t w  a m  map the dnn 
MI not verif ied. 

This confimed 

The sediment concentration o t  0.13 jCi/gram obtained for  

Plutonwm-239 results for &edge m k s  Md the top se&ms ($2 54 em) ef 
tk. c o n  sanmios showad costaminrttaa attriktrble cb lrqrU mstu trar; the 
Rocky Flats Plant o w  almost the cwtfre bed of  Grart Yutrro bsorroir (Table 
I V ) .  Consistent with the 1970 study, the zone or are8 o f  htghest contamination 
was the central section of the reservoir ( in le t  to dam). Areas of minimum 
mpact(b) &re the scuth arm (Stations 5 and 12)# the shallow-water, shoreline 
a n a  between the south arm and the dam (Station 21-dredge), and the western 
portion of the north arm (Stations 9, 18, and 22).  The major differences between 
the 1970 and 1973 studies ware the following: 

(1) Over t k  three year period k t m e n  sediment sampling efforts, the plu- 
tonim-239 concentrations in the upper sediment layer increased signi- 

( a )  In corpar'ron to a dredge sample, the core sample represents a relat ively 
Undi;tJrbcd segment of the sediment bed 
part ic les  in a vertical direction a1 though s ignif icant compaction of uncon- 
sol idrted ma t t r i a l  does occur 

(b) Plutoniun-239 concentrations less than 0 30 pCi/gram 

There is l i t t l e  mixing o f  otdiment 

- 15 - 
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ffcantly 
pCl/grarn, che October, 1373, study snoked eleven (11) stations character- 
ized by plutonium-239 cowenrrations greater than 1 0 pCi/grzm 
maximum Concentration was 4 1 pCl/gram (Station 14) 

(2) I n  contrast to the 1970 observation of maximum concentrations occurring 
in the reservoir inlet area (adjaceIit to the mouth of Walnut Creek) the 
1973 study showed mxirnum concentrations in  the deep-water area o f  tcle 
reservoir (Stations 14 and 20) 

The core samples supported tm previous findino of  plutonim contamination 
extonding to depths o f  5 cm or more (compacted) a t  mort locattons (Table IV) 
General fmd, the typical concantratlon-sedlmnt depth (thicknrrr) profi le 
was one of decreasing concrntrations w i t h  increased redfmt thlclmess. 

Comparing the Great Western Reservoir piutonim-239 resul ts for dredge samples 
with those for corresponding top sections o f  core SamphS s h o d  no better 
than "order-of-mgnituda" agrement a t  each station. The reasons for the 
lack o f  relatively close agrement i n  terns o f  absolute concentration valhes 
are considered to be physical differences introduced by sampling techniques 
and procedures. As noted i n  a previous footnote, the dredge and core collec- 
tion procedures produce disturbed and undisturbed samples, respectively. The 
other factor o f  importance was the field procedure involving the collection of 
code samples as a separate activity following the complatlon o f  dredge sample 
collection. This involve4 revisit ing each sampling s ite a second time. Since 
the location of  each sampling station was determined by "eye" from references 
to Jnlque shoreline features, the sampling stations show in Figure I rrpre- 
sent general areas of  limited size and not speciffc points. Hence, the dredge 
and cure samples for any given sanrplfng location represented wnplcs  collected 
fm only the SUM general area and *re expected to show variations in con- 
centra t i ons. 

The ceslum-137, strontlum-89/90, plutonium-238, and bery l l im data for core 
and dredge sampler from Great Western Reservoir and Standley Lake did not 
indicate significant dttferences within a given impoundment or between the 
two impouramants (Appendix A). 

Whereas tne maxirum corcentration observed in 1970 was 0.86 

The 
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The October, 1973, sediment study of Stmdley Lake and Great 
wstern Reservoir and the Ap r i l ,  1974, sediment study o f  Cherry 
Creek Reservoir, Marston Lake, dnd Ralston Reservoir produced 
the following signlficant findings. 

(1) In the environs o f  the Rocky Flats Plant, the base- 
line level of plutonium-239 in the bed sediment o f  
impoundments it  &O.lO pCi/gram (dry wight). 

(2)  Sediment throughout Standley Lake was found to con- 
tain plutonim-239 a t  baseline levels. 

(3) Plutontum contmfnated sediment attrfbutablr to the 
routine discharge of plutonium-tearing 1 Iquid wastes 
from the Rocky Flats Plant occurred throughout Great 
Wartern Reservoir. Kaxlmum concantrations irt the top 
layer o f  sedfrnent (2.54 CIR - campactad) wre approx- 
iwtely 40X the baseline concentration; i.e. approx- 
imately 4.0 pCi/gram (dry might). The thickness o f  
the layer o f  plutonium-contmlnated sediment was 5 
cm or mom a t  most sampling stations. 

I 

I 
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' 
INT'RSDUCTION - 
Core and dredge sainples were co l lec ted  froin t h e  hottoins 
of Great Western  Reservoir  and S t p i i d l e y  Lake during 
October 1973 T h e  s a n p l i n g  progrzin was cocdclcted j o i n t l y  
by t h e  U n i t e d  States  Environinent ; l l  P r o t e c t i o n  Agency 
(USErA) and t h e  Colorado Department  o f  Hezlthl  t o  assess 
s e i e c t e d  r a d i o n u c l i d e  c o n c e n t r a t i o n s  i n  t h e  r e c i e r v o i r  
bottoms. 

Core samdles were co l lec ted  i n  I - i n c h  diameter p i p e s  
which were ser-t i o n e d  i n  1 - i n c h  h o r i z o n s .  Sedirsent 
(drzdge)  samples were c o l l e c t e d  u s i n g  a P e t e i - s e n  &edge. 
Sample l o c a t i o n s  are shown i n  F i g u r e s  1 and 7 

The USEPA r e q u e s t e d  t h a t  Rocky Flats  P l a n t  participate 
i n  t h e  a n a l y s i s  of a p p r o x i m t e l y  o n e - t h i r d  of t h e  core 
samples. The Rocky Flats  p o r t i o n  o f  t h e  samples were 
a n a l y z e d  at Bat te l le-Paci f ic  Northaest L a b o r a t o r y  acd 
Lawrence L i v e r m o r e  Laboratory.  The r e m a i n i n g  samples 
were a n a l y z e d  by t h e  USEPA at  t h e  National E a v i r o n ~ e u t a l  
Research C e n t e r - L a s  Vegas. The most complete d a t a  were 
o b t a i n e d  f o r  p l u t o n i t n r  and ces ium-137 .  

A n a l y t i c a l  data were exchanged w i t h  USEPA i n  June 1974. 
T h s  follcving drscxssrcc 1s k?.osd CE 2 grap5iczl  
* s y n t h e s i s  of  the data, z n c l u d m g  hor;zoot:aL drrporsions 
2t s e e r a l  d e p t h s ,  and v e r t i c r l  p r o f i l e s  a t  some statirrn-s. 

- DISCUSSION 

Tables  I and I1 show t h e  c o n c e n t r a t i o n s  of Pu 239-240 
and Pu 238 i n  t h e  dredge samples and t h e  core samples 
and t h e  Cs 137 c o n c e n t r a t i o n s  in t h e  dredge samples in 
p i c o c u r i e s  per gram (pCi/g) .  From these d a t a  c o n t o u r  
d r a w i n g s  ( F i g u r e s  2-6 and 7-9) were made o f  t h e  Pu 239-240 
and Cs 137 c o n c e n t r a t i o n s  i n  t h e  dredge samples and t h e  
Pu 239-240 c o n c e n t r a t i o n s  f o r  d i f f e r e n t  depths  of the core 
samples. Graphs were p l o t t e d  of t h e  c o n c e n t r a t i o n  v e r s u s  
depth for t h e  Pu 239-240 core samples (Figures 10-18). 

The following c o n c l u s i o n s  are based on these graphical  
d i s t r i b u t i o n s  and tables.  

I 
Milton W. Lanunoring, USEPA, REGION VIIJ 
J. B. B a r r d ,  Colorado D c p a r t n e n t  o f  Health 
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1. 

2 .  

3 

4 

H i g h e s t  c o n c e a t r z t  i 31s t PL 2X-2i3 are found n 
t h e  low area3 o f  Tne rcsicrvoir and along t h e  dam 
( F i g u r e s  2 ,  3 ,  a n d  A )  

Cs 137 c o n c e n t r n r i c , i s  a r c  L i g L * s i  in tilo low 
arcs by the dam ( F~b1~r -e  b), 

Core samples uere !lot ailslyzed a t  e v e r y  d e p t h ,  
so p l o t s  of c o n c c c t r a t i o n  v e r s u z  derJtli  are n o t  
complete In lncrst cases t h e  h i g l i e s t  c o u c e n t r a t i o c s  
of  Pu 239-240 were i n  t h e  0-1" l e v e l .  At four  
sample l o c a t i o n s  t h e  1-2" level vas higher  t h a n  
t h e  0-1" l e v e l .  These l o c a t i o n s  are 1,  5 ,  8 and 
20 (Figures 10,  12, 1 3 ,  and 17). 

Dredge samples 1,  1 2 ,  and 21 (Table  I) show a 
d i f f e r e n c e  be tween  t h e  FPA's r e s u l t s  and Rocky 
Flats '  r e s u l t s ,  t h e  EPA's b e i n g  lower. I n  two 
cases,  points 14 and 19, ErA and Rocky F l a t s  
r e s u l t s  are c lose .  

B. S t a n d l e y  Lake 

1. 

2 .  

3. 

Higkczt P! 239-240 ccncentraticns z r 6  fomd by 
the dam and by the island ( Y i g u r e  8 ) .  T h e s e  
c o c c e n t r a t i o n s  are lctircr t h a n  t h o s e  f o r  Great 
W e s t e r n  (0  1 f o r  S t a n d l e y  and 4 . 1  for  Great 
W e s t e r n ) .  

The Cs 137 c o n c e n t r a t i o n s  i n  S t a n d l e y  Lake are 
a b o u t  t h e  same as in Gzcat Western  R e s e r v o i r  
(2.4 for S t a n d l e y  and 2.1 f o r  Great  Western) .  
Cs 137 is a l s o  c o n c e n t r a t e d  at t h e  dam and 
a r o u n d  t h e  i s l a n d  ( F i g u r e  9) .  

Sample points 2 ,  5 ,  7 ,  10,  15  and 17 show 
d i f f e r e n c e s  be tween  EPA and Rocky Flats  r e s u l t s ,  
Rocky Flats  r e s u l t s  b e i n g  h i g h e r  (Table  11). 
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I- 
RADIONUCLIDE CONCENTRATIONS IN RESERVOIRS, STREAMS AND 

DOMESTIC WATERS NEAR THE ROCKY FLATS INSTALLATION 

SUMMARY 

A study of the radionuclide concentrations and distributions i n  surface 
waters and sediments of  Great Western Reservoir (and the streams feeding i t ) ,  

i n  Standley Lake, and i n  domestic t a p  waters from the c i t i e s  o f  Broomfield and 
Westminster was conducted between A p r i l  29 and May 3 ,  1974 The results  o f  

this study show that 239-240Pu and 241Am concentrations i n  the waters and sedi- 
ments of Great Western Reservoir, the streams feeding i t ,  and i n  Standley Lake 
were above the fa1 lout backgroundj Plutonium-239-240 and 241Am concentrations 
were below detection limits i n  Westminster tap water (cO.001 dpm/&), b u t  
Broomfield tap water contained measurable b u t  minute quanti t i e s  o f  239-240Pu 

(0 0026 5 0.003) and 241Am (0.006 f 0.003 dpm/E). These concentrations are 
orders of magnitude below previously reported values published by other inves- 
tigators 
times below the Concentration Guide for 239-240Pu i n  waters applicable to expo- 
sure o f  the general p u b l i c  (3700 dpm/i!), and 13,380 times lower than the EPA 
National Primary D r i n k i n g  Water Regulation o f  33 dpm/E for  total  long-lived 
alpha part ic le  act ivi ty  (exclusive o f  radon and uranium). 
transuranic act ivi ty  should pose no health hazard t o  area residents. 

7 

The 239-240Pu concentration i n  Broomfield tap water is  1 5 million 

Such low levels o f  

The concentrations o f  239-240Pu i n  surface sediments (top 5 un) i n  Great 
Western Reservoir ranged from 0 45 to  13.4 dpm/g, and averaged 7.8 dpm/g 

The 241Am ranged from 0.17 to 3.75 dpm/g, and averaged 1 9 dpm/g. The depth 
distribution of both 239-24OPu and 241Am i n  age-dated sediment cores ( u s i n g )  
137Cs) from Great Western Reservoir showed two periods o f  plutonium deposition 
Highest deposition corresponds to a deposition period o f  1968 t o  1969. 
secondary maximum occurred between 1959 and 1964, Both maxima are thought to  
be primari ly associated w i t h  recorded control 1 ed waterborne re1 eases from the 
p l a n t  b u t  the secondary maximum will also have a component from worldwide 
weapons-testing fallout.  

The 

Total  inventories o f  239-240Pu and 241Am i n  the sediments o f  Great Western 
Reservoir are estimated to  be 244 m C i  and 73 m C i ,  respectively Most of this  

-3u. h 
PlA3.3 %h*\ 
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act ivi ty  i s  located i n  the deep sediment deposits a t  the eastern end of the 
reservoir 

In  Standley Lake, the 239-240Pu and Z 4 I A m  concentrations averaged about 
Because o f  i t s  greater 16 times lower than those i n  Great Western Reservoir. 

area, however, the estimated Standley Lake sediment inventories o f  transuranics 
are a factor o f  only four  less  than those i n  Great Western Reservoir, i e , 
61 m C i  and 18 m C i ,  respectively,of 239-240Pu and 241Am. 

?* 3*4 x cm 
The 137Cs concentrations i n  Great Western Reservoir and Standley Lake 

sediments are typical of  the fa1 lout background of 13’Cs observed i n  sediments 
from numerous waterways i n  the United States.  

The naturally o c c u r r i n g m  i n  surface and domestic waters near the 
Rocky Flats area represents a much greater re lat ive  contribution t o  t h ~  DubliC 

radiation exposure than do the traces o f  Dlutonium, The measured act ivi ty  o f  
226Ra i s  100 t o  1000 times _that o f 239-240Py, and i t s  - MPC as soluble material 
i s  167 times less  than 239Py.  Also, 226Ra c n l u b l ~  thaD 
plutoniym and passes through the water treatment plants more e f f i c ient ly  than 
2 39-240pu 

1 v  
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INTRODUCTION I 

The presence of plutonium i n  s o i l s  near the Rocky Flats plant has been 
well documented ( l ,  2, 3, 4, 

describe the p l u t o n i u m  distribution i n  the surface waters and sediments i n  the 
Rocky Flats vicinity 
t o  determine the radionuclide i n p u t  t o  Great Western Reservoir (GWR) and Stand- 
ley Lake (SL) d u r i n g  the operation of the Rocky F l a t s  p l a n t  
that th i s  study measure the concentrations of P u ,  Am and other radionuclides 
i n  waters and sediments o f  these reservoirs,  the i r  i n l e t s ,  and associated water 
treatment plants t o  determine ( 1 )  the quantity and origin of  radioactivity 
i n  the Great Western Reservoir and Standley Lake systems, (2)  when the accumu- 
lation of radioactivity had occurred, and ( 3 )  t o  what degree the radioactivity 
had moved through the aqueous environs. 

However, l i t t l e  data are available which 

A study was conducted between A p r i l  29 to May 3 ,  1974, 

I t  was proposed 

SAMPLING METHODS 

Samples o f  water and sediments were collected i n  May of 1974 A large 
volume water sampler was used t o  co l lec t  samples from inlet streams t o  Great 
Western Reservoir (see Figure 1 ,  Table 1 ) .  

Walnut Creek and North Walnut Creek, respectively 
on Walnut Creek a t  the Indiana Street  culver% 
Reservoir and Standley Lake waters and sanitary waters from the water treat-  
ment plants for  the c i t i e s  o f  Broomfield and Westminster werp sampled . 
water sampler used i n  th is  study passes water through ten parallel f i l t e r s  
(pore s ize  equivalent t o  0 5 pm) followed by passage through anion, cation and 
aluminum oxide sorption beds T h i s  sampling technique has several dis t inct  
advantages over conventional grab sampl i n g  methods. 1 ) 1 t a1 lows for  sampl i n g  

extremely large volumes o f  water ( u p  to  2000 l i t e r s )  which greatly enhances 
the sensi t ivi ty  for  measuring ultratrace quantities of radionuclides, 2)  i t  

assures the removal of essentially a l l  chemical forms of the radionuclides 
which are present i n  the waterways, and 3) it permits the determination of  the 
particulate ( 1  e , the greater than 0 5 urn fraflun ) ,  anionic (or negatively 
charged species) , cationic ( o r  positively charged species) , and nonionic 

Sampling sites were located a t  the 
pond, and the landfill pond which  drain into Walnut Creek, South 

Sampling was also conducted 
In addition, Great Weiqern 

The 
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and dried The samples were then leAched w i t h  a HNO,-HCl  solution The resi-  
due was dried and fused w i t h  Na2C0, The fused s a l t s  were dissolved i n  acid 
and combined w i t h  the acid leachate. The combined solution was converted t o  
8M - H N O ,  and the plutonium adsorbed on a Dowex 1 ,  50-100 mesh NO,- form anion 
exchange column The plutonium was eluted by reducing to  P u + ~  w i t h  an HC1-HI 
acid mixture Nitric acid was added to  the eluate and evaporated t o  dryness 
The residue was dissolved i n  nitric a c i d ,  the plutonium oxidized i n  Pu+'+ w i t h  

NO,- and evaporated t o  dryness. The residue was dissolved i n  hydrochloric 
acid and passed through a Dowex 1 ,  50-100 mesh, Cl' form anion resin column 
Plutonium was eluted by reducing to P u + ~  w i t h  a HC1-HI mixture. The eluate 
was evaporated to  dryness, dissolved i n  sulfuric acid and electroplated. 
rad1 ochemi cal yi el  d was determined by the recovery of 242Pu tracer 

The 

The concentration o f  241Am i n  sediments and water samples was determined 
by u s i n g  the described anticoincidence shielded Ge(Li) diode. This instrument 
lowers the background and Compton interference by an order o f  magnitude as com- 
pared to  conventional Ge(Li) diodes of the same size. Much lower detection 
levels could have been attained by chemical separation of the 241Am followed 
by alpha energy analysis, b u t  the cost of such analyses was prohibitive 

I 
t 
t. 
i 
t 
u 

ANALYTICAL RESULTS 

The radionuclide measurements from water samples associated w i t h  the 
drainage systems of Great Western Reservoir are shown i n  Tables 5 through 13 
and consist o f  samples taken from A-3 pond, 8-4 pond, a landfi l l  pond, the 
inlet t o  Great Western Reservoir (Walnut Creek), Great Western Reservoir (near 
dam s i t e ) ,  and sanitary water from the Broomfield water treatment plant. The 
radionuclide measurements i n  surface sediments and core samples collected i n  

Great Western Reservoir are shown i n  Tables 14 through 32 and consist o f  sam- 
ples taken a t  Great Western Reservoir and a t  the Broomfield water treatment 
p l a n t  filter-backwash pond The radionuclide measurements from surface sedi- 
ments and core samples from Standley Lake are shown i n  Tables 33 through 36 
Water samples associated w i t h  Standley Lake are shown i n  Tables 37 and 38 and 
consist o f  samples taken a t  Standley Lake near the dam s i t e  and Westminster 
water treatment plant. Summaries o f  rad1 onucl i de concentrations i n surface 

3 
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waters normalized to  13'Cs concentrations are shown i n  Table 3 ,  and compari- 
sons of our 2 3 9 - 2 4 0 P ~  and 241Am w i t h  previously reported data  are shown i n  I \@ 

1 

Table 4 

DISCUSSION 

S u r f  ace Waters 

Radionuclide concentrations i n  surface waters w h i c h  drain through the 
Rocky Flats area were extremely low, and frequently near detection limits 
This sampling was conducted d u r i n g  a period i n  which fal lout from nuclear 
weapons testingreached its lowest p o i n t  since the early 1960's. 
ultratrace quantities o f  a number o f  f ission products and transuranic radio- 
nuclides were detectable i n  surface waters and i n  Broomfield city tap water 
(see Tables 5-13 and Tables 37 and 39). However, there i s  n ~ d  
these f ission Daducts o w  w k v  Flatq  Plm t ,  since their 
re1 at1 ve c o n c w e  i n d t q  ti ns uishable from fal lout.  

Nevertheless, 

The d r i n k i n g  waters o f  the c i t i e s  o f  Broomfield (derives water from Great 
Western Reservoi r) and Westminster (derives water from Standley Lake) were 
analyzed to  determine if  Pu and Am were present. 
or 241Am (<0.1 dpm/k) could be detected i n  Westminster tap water. 
amounts o f  239-24OPu were detectable i n  Broomfield tap water, 0 0022 dpm/e 
being i n  a soluble s m  s and 0 00029 dpm/a being i n  a particulate forq, 

a concentration o f  11. The 239-240Pu concentrations i n  Broomfield 
tap water are 500 times lower than t h a t  reported i n  Radiation Data Reparts(l) 
for  the 1971 yearly average, and are 15 times lower than measurements made 
i n  1969-70 by Poet and Martell(3) (see Table 4 )  
Reports,(') a 239-24oPu concentration o f  0 89 dpm/k was reported as a yearly 
average for Westminster tap water The value reported i n  RDR i s  about 3000 
times higher than the " less  than" concentrations measured i n  th i s  study 
sampling and analyses methods were not described i n  the studies reported i n  

R D R ( l )  and Poet and Martell, (3) so no comparison can be made w i t h  the 
methods described here However, 1600 l i t e r s  and 2000 l i t e r s ,  respectively, 
of 

No 239-24OPu (e0 0003 dpm/e) 
Ultra-trace - 1 

1 concentratmns. wer e detectable only In th P Y ,  a t  

Also i n  Radiation Data 

The 

i. 
Broomfield and Westminster tap waters were sampled i n  th i s  study The 
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I 1  
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a 

- _ .  

< 

a 

particulate and soluble forms of 2 3 9 - 2 4 O P u  (and 
removed and concentrated on f i l t e r s ,  resins and 
adsorbents d u r i n g  the sampling process, so hand 

other rad1 onucli des) were 
act1 vated a1 umi num 0x1 de 
i n g ,  storage and contaminatlon 

problems were greatly minimized 
care afforded by this  large-volume sampling technique have provided the most 
accurate ultratrace measurements of 2 3 9 - 2 4 0 P u  ever made i n  these t a p  waters 

I t  i s  f e l t  that  the extreme sensit ivity and 

The 3 9 - 2 4 0 P u  concentrations which were measured i n  Broomfi el d t a p  water 
(0  0025 dpm/k total  2 3 9 - 2 4 0 P u )  and Westminster tap water (<0.0003 dpm/k total 
239-24OPu) were 1.5 x 106 and 1.2 x 107 times, respec- l y ,  b- the max- 
i m u m  permissible concentration i n  waters applicablz t o  exposure o f  the gen- 
era1 P u b h G  w h i c h  i s  3667 d p m / ~ . ( ~ )  These concentrations are also 13,30& 

and 110,000 t x s l o w e r ,  respectively, then the EPA National Interim Primary 

radon and uranium) w h i c h  i s  33 dpm/k ( l o )  Whereas the RDR(l) report showed 
t h a t  Standley Lake water and Westminster tap water contained about the same 
2 3 9 - 2 4 0 P u  concentrations, the data here show that a t  l eas t  a 10-fold reduction 
of the 2 3 9 - 2 4 0 P u  levels occurs d u r i n g  the water treatment process This i s  
accomplished primarily by removal o f  the particulate forms o f  239-240Pu 

c- 

--2-- Drinking Water Regulations for total  long-lived alpha act ivi ty  (exclusive o f  

- - -- 

The sampling method used i n  th i s  study partitions the radionuclides i n t o  
particulate,  cationic,  anionic and nonionic chemical forms. Such information 
on the chemical forms i s  useful i n  assessing the environmental behavior and 
fate  o f  radionuclides i n  aquatic environments. 
Lake appears to  be predominantly-assouatesl w i  t h  the parti culate matter 
majority o f  the 2 3 9 - 2 4 0 P u  i n  Broomfield taLw-aterus-+n-a-aduUnis 

d 

w i t h  the suspended particulates,  whereas the S K -  1 0 3 - 1 0 6 R u ,  124Sb an%sRa $'M&d ' 
were predominantly present as  soluble species 
unique behavior, being present i n  anionic, cationic and nonionic forms 
chemistry o f  ruthenium is  complex, and numerous chemical forms are known t o  
simultaneously exis t  i n  natural waters During the water treatment process a t  
the Broomfield and Westminster water works the cationic l o S R u  i s  e f f ic ient ly  
removed, b u t  the anionic l o 6 R u  is only s l ight ly  reduced i n  concentration 
i s  interesting t o  note t h a t  about  60% of the f i l terable  Pu i n  Broomfield t a p  

water was collected by the anion resin 

Plutonium-239-240 i n  Standley 
The 

form - The 7Be, 95Zr-95Nb, 141Ce, l'+'+Ce and Z 4 l A m  were us-mlly-aqsoci 

The soluble 1 0 3 - 1 0 6 R ~  shows a 
The 

I t  
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In some of  the surface waters, a small fraction (5-30%) o f  the 40K and/or 
137C; was collected by e i ther  the anion resin or A1,0,, and i n  the Broomfield 
t a p  water as much &s 69% of the 137Cs was collected on the A 1 , 0 3  The most 
plausible explanatior, for this  anomaly could be the presence o f  negatively 
charged colloids w h i c h  contain adsorbed radioactivity, and which may have a 
h i g h  a f f i n i t y  for  the anim resin or activated aluminum oxide 

Sediments 

Great Western Reservoir 

Great Western Reservoir sampling locations are shown i n  Figure 2 
perimeter o f  the reservoir,  except fcr the deep eastern end, appears to be 
rather well scoured o f  fine-grain sediments. The near-shoreline stations B-5, 
D - 1 ,  D-2, D-5 and E-4 were characterized by gravel or partial rock bottoms 
and no sediment cores could be obtained z t  these locations The bottom o f  the 
western half o f  the reservoir,  and also ne?r the center,  contained a layer o f  
flocculent sediments several inches thick w h , c h  overlay a hard, compact clay 
layer,  believed t o  be the original bottom of tile reservoir The compact clay 
bottoms o f  these cores had undetectable amounts cf 137Cs ,  which suggests pene- 
tration o f  the coring device into the original c l a ~  battom where no fal lout 
137Cs had reached (see Tables 26 and 28). 
reservoir, a t  Stations A - 2 ,  A-3 and 9-3, up to  16-22 iwhes of  fine-textured, 
soft sediments overlay the compact clay bottom layer 
o f  20 t o  24 inches i n  length were collected, the bottom smers l  inches con- 
taining the original hard clay bottom of the reservoir 
trations i n  the compact clay bottom of these cores indicate that oenetration 
through the sediments deposited since the dam was construtp a i n  1255 was 
achieved 
cores,  sedimentation rates for  various locations i n  ths reservoir could be 
estimated and are shown i n  Figure 9 
t f  the reservoir appear to range from about 0 82 t o  1 45 incher per year,  i n d  

i I the center of the reservoir range from about 0 1 t o  0 46 inches per year 
Selirnentation rates around the perimeter of the reservoir iopear to be less 
t h a i  0 1 inches per year 

The 

In the de\ap eastern end of the 

it these locations cores 

The lcw 137Cs concen- 

Based on these observations and using 137Cs to  age date ti e deep 

Sedimentation rctes i n  the eastern end 

z 

L__ 
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The distribution o f  4 0 K ,  137Cs, 226Ra and 241Am i n  surface sediments 
o f  the reservoir are shown i n  Figures 5 to  8 
226Ra and Z41Am are two- t o  threefold higher i n  the sediments located i n  the 
center o f  the reservoir compared t o  the sediments accumulating around the 
perimeter o f  the reservoir 
reservoir,  resulting i n  a d i l u t i o n  of the contaminated sediments by the i n p u t  

o f  re1 a t i  vely uncontaminated clay so1 1 .  The 37Cs concentrations 1 n the 
reservoir sediments are typical o f  the fa1 lout background levels observed a t  
other locations i n  the United States (5, 6 3  73 8, 

The concentrations o f  137Cs, 

This may be due to  erosion o f  the edges o f  the 

I t  should be pointed out that the radionuclide concentrations i n  the sur- 
face grab samples do not exactly correspond w i t h  the concentrations measured i n  

the top 2 inches o f  the gravity cores,  especially a t  stations along Transect A 
We believe that this  is  due to  small differences i n  distance (tens o f  feet )  
between the actual locations where the grabs and core samples were taken The 
reservoir bank a t  the eastern end i s  steep 
the side o f  this bank could be obtained, i t  was necessary to  back o f f  toward 
the center o f  the reservoir several tens of feet. I t  was subsequently found 
from the sediment data that radionuclide concentrations decrease i n  the near- 
shore sediments compared t o  those i n  the middle of the reservoir,  and i t  i s  
believed that this i s  the reason for  the observed differences between surface 
grabs and the tops o f  the gravity cores. 

studies reported i n  Radiation Data Reports(l1 and by Poet and Martell(3) i s  
shown i n  Table 4. The average 239-240Pu concentrations i n  surface sediments 
measured here were 3 2 and 25 times higher, respectively, than that reported 
i n  R D R ( l )  and by Poet and Martell , ( 3 )  while the average 24rAm concentrations 
are 30 times higher t h a n  that reported by Poet and Martell.(3) 
distribution o f  radioactivity i n  the reservoir shows low levels near the shore- 
l i n e ,  the samples analyzed i n  the RDR report and by Poet and Martell may have 
been obtained near the shore Such samples do not give a representative pic- 
ture o f  the areal and depth distribution o f  radionuclides i n  the reservoir 

So that  deep gravity cores along 

A comparison o f  the 239-240Pu and 241Am data i n  this  report w i t h  ear l ier  

Since the 

In  Figure 10 the depth distribution o f  the 13'Cs i n  several cores i s  
plotted I t  has been demonstrated by other investigators (5, 6,  7, 8, t h a t  

7 



137Cs can be used to age date certa in  types of sediment cores, and that the sub- 

surface maxima are due to  abnormally high leve l s  of fa l lout  137Cs which had 

been deposited i n  1963 

t i c l e s  and becomes a t racer  of sediment deposition Post-deposi t ional  diffu-  

s ion  or  chemical exchange o f  the attached 1 3 7 C ~  has been shown to  be pract i ca l l y  

neg l ig ib le  

mentation ra te  i s  f a i r l y  constant and of the appropriate magnitude to  be 

compatible with the 30-year ha l f - l i fe  of 137Cs 

optimum fo r  Great Western Reservoir,  and the 13'Cs depth p r o f i l e  i n  F igure 10 

can be age dated with the 137Cs maxima corresponding to  sediments l a i d  down 

i n  1963 

Cesium-737 becomes st rong ly  attached t o  sediment par- 

Thus, 137Cs can be used t o  age data sediment cores if the sedi- 

These conditions appear to be 

The d i s t r i bu t i on  o f  239-240Pu in  the A-2 core i s  shown i n  F igure  11, with 

the age vs  
239-24OPu depth d i  s tri but1 on may be i denti f i ed 

occurs a t  a depth o f  6 inches, and corresponds to  sediments deposited between 

1968 and 1969 The smaller maxima occurs a t  a depth of 16 inches, and 

corresponds t o  sediments deposited around 1959 

depth sca le  on the r i g h t  margin Two subsurface maxima i n  the 

The 1 arger 239-2'+OPu maxima 

A s im i l a r  dat ing procedure may be done for the 241Am d i s t r i bu t i on  observed 

i n  the A-2, A-3, and B-3 cores (cf Tables 20, 21, 2 2 ,  23, 25, and 26) because 
I o f  the re l a t i ve  constancy o f  the plutonium to americium r a t i o  (Pu/Am = 3 3 2 

79 i n  the A-2 core) Th is  ana ly s i s  l ikewise indicates a primary maximum 

i n  the 1968 t o  1969 period but shows the secondary peaks to  range from 1959 

to 1964 

These transuranic sediment d i s t r ibut ions  i n  Great Western Reservoir  are 

thought t o  be pr imar i ly  associated with controlled, recorded waterborne re- 

leases from the o lant  but the secondary (early  1960's) maximum w i l l  a l s o  have 

a component from worldwide weapons test ing  (9) 

The amount o f  239-240Pu incorporated i n  Great Western Reservoir  sedi- 

ments i n  excess o f  that  derived from fa l lput  can be estimated by d iv id ing  the 
r a t i o  o f  239-240Pu/137Cs i n  the sediments by the 239-240Pu/137Cs r a t i o  i n  

fa1 lout  

at about 0 01 s ince the ear ly  1960 's  - .  7 The 239-240Pu/137Cs r a t i o s  i n  Sacramento, 

Ca l i forn ia  s o i l s  ( t o p  cm) and i n  Columbia R iver  sedTment cores upstream from 

The 2 3 9 - 2 4 O P U / 1 3 7 C s o u t  has been reasonably constant 
c_L_ - 



the Hanford project were 0 013 and 0.012, respectively, and are thus not much 
different than the fal lout ra t io  
surface sediments o f  Great Western Reservoir was 2 75 
p l u t o n i u m  Contribution to  the surface sediments from Rocky Flats averaged 
about 275 times t h a t  contributed fromAfallout. 
p l u t o n i u m  contr ibut ion  relative to  t h a t  derived from f a l l o u t  i n  the subsur- 
face sediments i n  the A-2 core ranged from about 260 a t  the surface t o  80 a t  
a depth o f  12 inches 

The average 239-240Pu/137Cs r a t i o  i n  

Thus, the apparent 

woc Id w r3G 
The apparent Rocky Flats 

The inventory o f  2 3 9 - 2 4 0 P u  i n  Great Western Reservoir sediments can be 
estimated as follows 
n i u m  act ivi ty  and sediment thickness (see Figures 12 and 13) 
deepest layer of sediments (40 t o  50 cm) containing the highest plutonium activ- 
i t y ,  and is  located a t  the eastern end o f  the reservoir. 
approximately 3 times larger i n  area than Zone A and o f  intermediate sediment 
thickness (estimated to  average about 20 cm deep) and plutonium ac t iv i ty ,  and 
extends to  the west from Zone A. The average 2 3 9 - 2 4 0 P u  act ivi ty  i n  Zone B 
was estimated t o  be about 5 dpm/g, and was obtained by using a s l ight ly  lower 
p l  utoni um concentration than the average surface value, w h i c h  was 6 dpm/g 

This  reasoning was used since the average 2 3 9 - 2 4 0 P u  concentration i n  Core A-2 

(0-50 cm) was 75% lower than the surface p l u t o n i u m  concentration i n  the core 
Only surface p l u t o n i u m  concentrations were measured i n  Zone B Zone C is  the 
remaining area o f  the reservoir w h i c h  i s  Characterized by a t h i n  deposit o f  

sediments (estimated to  average about 5 an deep) of relatively low activity 
The average plutonium activity i n  this  area is  the most difficult to estimate, 
since only one 239-24OPu measurement was made. 
concentrations i n  the sediments from the shallow areas represented by Zone C 
are 1/3  to  1/2 o f  the concentrations i n  the center and east  end o f  the reser- 
voir ,  a plutonium concentration of  about 1/3 to  1/2 o f  the maximum surface 
concentrations i n  the east end was estimated and 3 dpm/g was used 
lation using these considerations may then be made. 

the reservoir can be divided into three zones o f  pluto- 
Zone A i s  the 

Zone B i s  a region 

Since the 137Cs and 2 4 1 h  

A tabu-  
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E s t  Avg 239-240Pu Avg. 
Surface Sediment Sed i men t Sedi men t Act i  v i  ty 

Area (m2) Depth (m) Vol (cm3) W t  (g)* (dpm/g) 
Zone A 45,000 0 5  2 3 x 10"J 3 2 x 1010 9 - 
Zone 6 12O;OOO 0 2  2 4 x 10'0 3 4 x 1010 5 
Zone C 400,000 0 05 2 0 x l o L o  2 8 x 10'0 3 

*Assuming a bulk dens i ty  o f  1 4 g/cm3 fo r  the sediments. 
typical  value f o r  f i n e  grained lake and r i v e r  sediments 

Th i s  i s  a 

Upon mult ip ly ing  the sediment masses (9) by the average 239-240Pu concentra- 

t ions  i n  each zone, these three sediment zopes contain the fo l lowing  estimated 

inventor ies  o f  239-24OPu 

mC i 
Zone A 29 x 1Olo 131 
Zone B 17 x 1 O l o  77 

36 Zone C a x 1010 

Total 54 x 1010 244 

- dpm 

- 

Thus, a to ta l  o f  approximately 244 mCi (or  3 9 g) of 239-240Pu i s  present 

i n  the reservo i r  sediments 

sediment deposits  a t  the east  end o f  the reservo i r  which represent only about 

8% of the tota l  surface area o f  the reservo i r  

Over 50% of this inventory is located i n  the deep 

The average 241Am/239-240Pu r a t i o  i n  surface and subsurface sediments 

is about 0.30 

i s  a l so  present i n  the reservo i r .  

Thus, an z41Am inventory of about (244 mCi)(0.30) = 73 mCi 

Two 18-inch sediment cores were col lected from a sedimentation bank con- 

s i s t i n g  o f  deposits  o f  filter-backwash material (alum floc) from the Broomfield 

water treatment p lant  (see Table 2 and Figure 4) 

o f  these cores (see Tables 2, 31, 32, and Figure 4) showed 137Cs and 2 ' + l h  

concentrations which were typ ica l  o f  the surface sediments i n  Great Western 

Reservoir  The 239-240Pu concentration i n these cores , based on extrapol a- 

t ions  from the *41Arn/239-240Pu r a t i o  i n  the reservo i r  sediments, was est i -  

mated to  average 4 5 dpm/g This  sedimentary material appeared to  cons i s t  

pr imari ly  o f  processed alum f l o c  Since the radionuclide concentrations i n  

this material were s im i l a r  t o  those observed i n  surface sediments o f  the 

The radionucl ide analyses 

i 
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reservoir,  i t  would indicate that scavenging by the alum f loc  o f  soluble forms 

o f  adsorbed radionucl ides) was occurring d u n  ng the water treatment process 
r- or very small suspended particles (containing relatively h i g h  concentrations 

Standley Lake 

A l t h o u g h  Standley Lake i s  about four times larger t h a n  Great Western 
Reservoir, the Sedimentation characterist ics  of the two water bodies appear t o  
be quite similar 
i n  the deep water a t  the eastern end of the lake adJacent to the dam A t  this  
location (SL-5G) a 17-inch long gravity core was obtained w h i c h  showed a 
13’Cs depth distribution quite similar to  those observed a t  stations A-2, 
A-3 and 8-3 a t  Great Western Reservoir A sedimentation rate  o f  about 1 0 
inches/year was estimated for this area o f  re lat ively  f a s t  sediment deposition 
The western 2/3 o f  the lake has a sediment bottom characterized by a 1 -  to  
6-inch layer of flocculent sediments w h i c h  overlay a layer o f  hard, compact 
clay which appears to  be the original lake bottom 

The area of h i g h  sedimentation i n  Standley Lake is located 

1 -  

1 m 
The average 239-240Pu concentation i n  Stand1 ey Lake surface sediments 

was 0 49 dpm/g, which is about 16 times lower than i n  Great Western Reservoir 
(see Table 3) The 241Am concentrations were near the detection limit of the 
direct  counting method used, b u t  an average concentration o f  0.28 2 14 dpm/g 

was measured i n  f o u r  samples Based on the re lat ive  sizes and radionuclide 
contents o f  Standley Lake and Great Western Reservoir, it i s  estimated that 
the 2 3 9 - 2 4 0 P u  and 241Am inventories i n  Standley Lake are about 1/4 o f  those 
i n  Great Western Reservoir, or about 61 m C i  of 2 3 9 - 2 4 0 P u  and 18 mCi o f  241Am 

11 
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L o c a t i o n  

Westminster  C i t y  
Water Supply 

S t a n d l e y  Lake 

Broomfi'eld C i t y  
Water Supply 

Great Western 
Reservoir 

Walnut Creek &i 
I n l e t  t o  GWR 

B-4 Pond 

A-3 Pond 

North Walnut Creek 
Below Rocky F l a t s  
L a n d f i l l  

Table 1 

LA2GE VOLUME WATER SAMPLES 

Date 

4-29-74 

4 -2  9- 74 

4 -  30- 74  

4-30-74 

4-30-74 

4-30-74 

5-01-74 

5-01-74 

13 

Volume Sampled 
( l i t e r s  ) 

2 0 0 6  

710 

1 6 6 5 ;  1 5 1 4  

297: 212 

7 0 . 8 ;  5 8  3 

15 3 

9 7 . 4  

136 

No o f  
Samples 

1 

1 

2 

2 

2 

1 

1 

1 



Table 2 

SEDIMENT CORES 

Great Western Reservoir and Standley Lake 

S t a t i o n  

A- 1 
A- 2 
A- 3 

A-4 

B- 3 
c - 2  
c-3 
c - 4  

E-4 

*HC-l 

*HC-2 
**SIP5 

Core Length 
( inches  1 

8 
2 4  
20 

6 

20 
6 

6 

10 
6 

18 
18 
20  

*Broomfield Water Treatment P l a n t  E f f l u e n t  
Basin  

**Standley Lake 

. 
-- 

I -  

a 
14 
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Ftgure 11, Depth Distribution of 239-240Pu in Great 

Western Reservoir Sediments 
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February 2 7 ,  1980 

John Har ley ,  D i r e c t o r ,  EML 
0 

BATITELLE PNL REPORT ffRADIONUCLIDE CONCENTRATIONS I N  RESERVOIRS, STREAMS AND 
DOMESTIC WATERS NEAR THE ROCKY FLATS INSTALLATION" 

I f ind  no major  t e c h n i c a l  problems wi th  t h i s  work It provides u s e f u l  i n -  

formation on l e v e l s  o f  t r a n s u r a n i c s  and o t h e r  radionuc l ides  i n  the  water systems 

near  t h e  P lant .  The s tudy,  which was conducted s ix  years  a g o ,  d e a l s  mainly with 

Great Western R e s e r v o i r  which r e c e i v e s  some of t h e  waste l i q u i d  d ischarge  from 

t h e  P l a n t  It i s  t h e r e f o r e  d i f f i c u l t  t o  d i s t i n g u i s h  t h a t  f r a c t i o n  of the plutonium 

found i n  sedunent which was depos i ted  fo l lowing  resuspension from the b a r r e l  s t o r a g e  

a r e a .  Only the d a t e d  c o r e  segments from Great Western provided a h i s t o r y  of plu- 

tonium contaminat ion and both peak per iods  (1968-69 and 1959-64)  were a t t r i b u t e d  

by t h e  authors  to c o n t r o l l e d  water-borne releases. 

Unfor tunate ly ,  S t a n d l e y  Lake which c o n t a i n s  P l a n t  plutonium t h a t  a r r i v e d  

i prrmar i ly  by the  a i r b o r n e  r o u t e ,  was not  sampled as i n t e n s i v e l y  I n  f a c t ,  t h e  

s i n g l e  c o r e  taken showed no depth s t r u c t u r e  i n  t h e  plutonium d a t a  according t o  the  

text. I n  fact t h e  plutonium d a t a  f o r  the  c o r e  segments are n o t  presented and 

table 34 i n d i c a t e s  plutonium was n o t  measured. The c o r e  was taken i n  the  same area 

of t h e  Lake as t h e  one WHO1 took f o r  us i n  1 9 7 6 ,  but our c o r e  was 50 an long while  

the  PNL c o r e  was o n l y  38 cm. Assuming t h e  sedunentat ion rates were similar, the 

PNL c o r e  would have missed t h e  1963-64  f a l l o u t  peak. Nei ther  t h i s  PNL study nor 

ours i n  1 9 7 6 ,  however, answers the  ques t ion  of whether t h e r e  was an azrborne release 

from t h e  P l a n t  p r i o r  t o  that which started around 1966 and peaked i n  1968-69. 

' a  

WHO1 might feel t h e  need t o  c r i t i c i z e  t h e  c o r i n g  and p r e s e r v a t i o n  methods 

(e g .  f r e e z i n g  b e f o r e  s e c t i o n i n g )  used by PNL but I do n o t  see important problems 

here.  
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rigire 1 Plutorium-239,240 contours around Rocky Flak ,  based on 
analyses of soil samples collected L? 1970 (see ref 3) 
Contours in ~ C I  pcr m2 
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7 nhlc 1 

' j7Cs in Standley I ahe Corc Scctions 

dpm per kg D r y  Scdiment 
Depth Coro - 1 Cote - 2 
increment WHO1 

(c m) 1-m 1st ~iral!sls 2nd anal: biq rL:L 

*21'13 r12  

7 u o v  f IO 

7030 f10 

* Data suspect - not used in averaging 
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hcmd-drawn c u n c s  thtqugn t h e  (lata poin ts  of L igure 3 and the  rLsu1t.s are givcn in  

Table G b m c e  thc data i e p r e s e n t  consccutice corc segments t h c  c u m m a t i o n  is the 

total ac t iv i ty  of t hc  nuc l ide  per uni t  drca of thc core 
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Activity Isotope Ratios for Standley Lake Core Sections 
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Table 4 

Mass Ratio, 240Pu to 23%u, in Standley LaLe Core Sections 

Depth % of total 
Pu froin 2 q *  /- inc remcnt 

(,c Tl) A 9  ISu Rock) L-lnts 

0 - 2 

8 - IO 
1 2 -  14 

IO - 13 

20 - 2 2  

24 - 3,G 

2, - 28 

23 - 3 0  

30 - 32  

31 - 36 
38 - 10 

4 2  - 4 1  

74 

86 

87 

80 

90 

90 

83 

71 

52  

16 

2 

0 

I - 135 



I nhlc  5 

' 0  

Density and Water Content of Standley Lake Core Sections 

Depth g Wet iz D r y  
increment sediment sediment 

per cin 3 % H20 per  cm2 * (c m) 

0 - 2  
2 - 4  
4 - 6  

6 - 8  
3 - 10 
10 - 12 
12 - 14 

1 2  - 10 
l b  - 1s 
18 - 20 

?(J - 22 
22 - 22 
24 - ZG 

21, 23 
23 - 30 
30  - 32  

32  - 34 
34 - 30 
36 - 3 3  

35 - 40 
40 - 42 
42 - 44 

44 - 46 
46 - 48 
48 - 50 

1 39 
1 2 j  
1 2u 

1 1s 
1.10 
3 19 
1 18 

1 21 
I 19 
7 19 

I 2c, 
1 13 
' 19 

1.21 
1 19 
1 21 

1 20 
1 22 
1 29 

1 29 
I 23 
1 20 

1 24 
I .  23 
1 26 

$0 2 
( 1 1  4 
73 .2  

72 9 
70 .5  - 
7 4 . 0  
75 1 

71 I 
$4.7 
71.3 

73.7 
(13 4 
GD 8 

119 1 
03 9 
70 0 

trio : 
( t i  % 

0 0 

57 5 
64 2 
66.5 

6G 0 
67 0 
65.8 

0 7 1  
0 95 
0 04 

0 6 2  
0 51 
0 G O  
0 59 

0 70 
0 GO 
0 OP 

0 G3 
0 75 
0 7 2  

0 7 5  
0 7 2  
0 7 3  

0 91 
0 93 
1 03 

L 10 
0. '18 
0 84 

0.84 
0 31 
0.50 

Per 2 c m  t1,ick 5cgnent 
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Table G 

Inventories of Radionuclides in Standley Lake Sediment Coi e 

-- 

Depth nCi per m 2 
increment 

Pu 239,240 (cm) l3'CS 

0 - 2  
2 -  1 
4 - I I  

G - 8  
3 - 10 
' 0  - If! 

12 - 14 
1 1  - IC 
1') - 18 

15  - L O  
21, - 22 
22 - L4 

21 - 2f, 
2c. - 2s 
29 - 30 

IO - 3 2  
52 - 34 
3 1  - !i 

3f1 - 38 
38 - 4 0  
40 - 4 2  

42 - 44 
44 - 40 
4G - 48 
48 - 50 

G 4 
6 3  
7 6  

3 3  
3 1  

1' 5 

'2 0 
2G 3 
22 8 

23 4 
2 0 . 0  
17 0 
13 G 

c 315 8 

c SI, 
1 I J  
1 22 

1 68 
1 33 
2 90 

0 60 
0 27 
0 22 

0 37 
0 5') 
0 53  

0 OG 
0 .77  
0 . 3 8  
0.2'3 

25 8 
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1)evelopmcnt ot 7 i r e  + c d e  -__-__---- - - --- 
1 I C (  ~ I C !  c\l se(!irrcnt deposition c ai I)c recotisttuctell from exarniiiation of tlic dat,i i n  

137 
ables 1 - 3 ,ud 1 Igures 2 - 1 It can hc seen that a mzximum in both Cs and trans 

@anic nuclides occur4 toward the bottom of the 50 em Core, in the 12-14 cm section 7 he 

Cs decreases fair!) sn;oothly from this depth to the sediment - water interface while 137 

Southcrn 1lcmisphcrc lerl to a L o r t h e n  Ilcmiroherc mid-latitcde m z u m u m  in thc nct iL i t  
238 233,  240 (22.32) 

ratio T j u  :o ?u In fallout aroLln,i \ p r i l  1%; The m o l e  precis- I'OI 

23yPll to 2-39. 340 
Pu ratios in 1ahlc 3 ltc ixtween 0 02  anti 0 01 cxccpt foi tlic 32-31 crn 

section whcre its 0 06 f 0 0 1  value is signlficantlv higher t h a n  the other ratios 

hugh ratio is taken to represent the first indication in the sediment record of the arrival 

This 

1 - 133 



23 9 '":3,2 10 
be(,ran dcposittnq qt this time I I(\ L'u to Pu ratids of Rock r la ts  and g1 btil 

fallout nuclear test clehiis air' ( ; I  I I P  sirritlar, as e\pected (3 .25)  
1 he time of the n p p ~ ' ~ ~  - 

238 
ance of the SX'AP-9A l k i  in * I  c 5ctlimcnt rccoitl is laLen to he thc end of 1900, as thi. 



accumulztccl deposition of global fnllo i t  1 his sediment mrr represcntc; cwl\ 1-1 teal  nf 

nuclear tect tallout w h i c h  bcgan about 21 ycars ago, although 73 percent of thc tol‘il 
127 

C s  
(24 )  deposit occurred sincc 1961 m thc ten dcgree latitude band which includes Hock) Tlzts 

This surplus sediment intentory is hcllevcd to be the result of soil erosicn w i t h i n  the 

watershect and sihsequcnt scdime*~t  clepwi~ion of 
137 

( s and othei sedimcnt asswiatmg 

2 137 of 3 nCi pcr  In rcpr-scnts glohal fallo.1: 1 1 d ) ~ i b  is w i t h  Cs, t h i s  talu is sub- 
25‘3,Z’U 2 stantially higher thzn f ht 1 7 ’ ,Ci  l’u per n assigncd to the area f n m  dircct  

(1  1,) 2 
g!obal fallout rlep9sitim , suggestmg tlo Lt about 6 nC‘i per rn of piutoniurn u i s  (IC- 

115ered to I ilc wxlirnmt 1)- tun-off t m t n  t h c  surx-cuxling area. 
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Resolution of Pu Sources by Mass Spectrometry in Segments 
of Standley Lake Core 

PU per n-2 
239,240 Depth nCi 
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Figure 6 Depth distribution of Rocky Flats Plant plutonium 
in Stca.ndlcy 1,ahe scdiment 
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G R E A T  \‘ESTERPI RESEW01 R 
SP I LLliAY SEDIPEFIT SAMPL I FIG 

F PO2 RAV 
P H A S E  I REPr)RT 

J D Hurley 

!lay 2 ,  1979 

01 u t o n i u m  concentrations i n  Great Nestern Reservoir surface water a n d  

subFerged sediments have been studied by the Environmental Protection 
Agency ” However, no information has been recorded on transuranic 
concentrations i n  sediment dhich has been deposited i n  the Great llestern 
3eservoir Spilli*ray (G’IRS) 
naximum capacity, the sediment i n  the spillway is n o t  submerged Over a 
neriod o f  approximately 14  years, sediment has accumulated t o  a d e p t h  of 
nine fee t  near the stop logs (Figures 1 and  2 )  and t o  less  t h a n  three f e e t  
near  the southeast end o f  the sgillway 

D u r i n g  periods \!hen the reservoir i s  n o t  a t  

S4MPLIFIG PROGRAM 

In response t o  a request from the Rocky Flats Area Office ( R F A O ) ,  a sed Fer: 
samplina program, whose purpose i s  t o  determine transuranic ac t iv i ty  concen- 
t r a t i o n  i n  G’JRS, i s  being performed i n  two phases Phase I ,  accomplished 
on March 16,  1979, consisted of t a k i n g  5-cm deep surface (general purpose) 
and approximately 16-cm deep shallow core samples from 14  sampling s i t e s  
(Figure 2 )  The number of sampling s i t e s  was selected based on the a c t i v i t y  

1 9 2  var iab i l i ty  observed i n  other comparable sediment sampling programs 
The surveyed sites, , indicated i n  Figure 2 ,  were located uniformly over the 
sampling areah 
malyzed for 239 + 240Pu and 241Am 
a re  reported herein Phase I 1  i s  t o  be implemented d u r i n g  the removal of 
the spillway sediment 
samples from the wall o f  a trench dug in the nine foot  end o f  the  accumu- 
lated sediment 

‘e,d 
S 3 e s  collected from the Phase I sampling e f fo r t  hsbe been 

The sampling procedures and resul ts  

I t  will consist of o b t a i n i n g  a se r ies  of core 

4 
a 
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>HASE I SAMPLlYG 

4s rnentioned, t’ie Phase I sampling bias done on Parch 16, 1979 The samples 4 
Liere taken by Peal t h  and Erlvi  rorrental  Laboratory personnel and supervised 
by <I 0 Hurley, the project  leader A t  the time of sampling c o l l e c t i o n ,  
the weatiler c3,ncJlt:ons were par t ly  cloudy and calm l r i t i  w i n d  speeds r a n g i n g  
from zero t o  10 T i l e s  per hour 
of standing vegetation 
f i v e  t o  10 percent on  the sdrface t o  approximately 25 percent a t  a depth cf 
approximately 21 cm 
procedures out1 i ned 1 n Reference 3 descri bed br ie f ly  bel ow 

The sampling area oad  previously been cleared 
The sedinent samples ranged i n  moisture content Eror 

S o t h  types of sanples were taken according t o  established 

A General Durpose Sarn?les 
General purmse samples were taken w i t h  s 10  X 13 X 5 centimeter 
sampling template a t  the  14 locat’ons shown i n  Figure 2 
p o i n t  zarrpl ing metbod was employed ,,hich involves t a k i n g  samples 
a t  the t i p s  and  in te rsec t ion  cf a c ross ,  each of whose bars i s  one 
meter i n  length soi l  from each ;e t  of  f i v e  samples i s  then 
cornposited t o  ;ive d t o t - 1  s a m l e s  volume of 2530 cn3 Ficure 3 
stlous a sample being col lected 

D S b a l  I C , /  Cct e Sarnp12s 
S h a l l o u  a r e  slrnpies vere taken Li t?  a standard Orchard Auger 
( w i t h  a n  8 3-cm diameter, 15-cm lofig b a r r e l )  a t  the 1 4  l o c a t i o n s  
of Figure 2 
each location The sample co l lec t ion  procedure i s  i l l u s t r a t e d  
i n  Figure 4 

The f i v e  

4 volume of about 750 cm3 of s o i l  was obtained a t  

SAMPLE PRETREATMEYT AND ANALYSIS 

Samples a r e  handled and analyzed according to  the referenced procedures 
‘hese procedures include s ieving,  drying a n d  ball  mill ing o f  the col lected 
material a n d  a l i q u o t i n g  f o r  gamma and alpha analysis  Control samples a re  
submitted w i t h  the  col lected sanples t o  d e t e m i n e  the qua l i ty  of  the 
r e s u l t s  

3,4 9 5  

9 
I 

8 

, 4-r % 
. 1  

Y -  . >z a 

7 ,  “: Y w 7 ” r f l - e  
1 
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2ESLLTS 

'ables I ,  11 ,  and I11  give the 239 + 2coPu and 241Pm a c t i v i t y  levels  
det-emined for general puroose and  shallow core samples The i n f o r -  
- a t i o n  reported i n  t h i s  Phase I reDort includes 241Am d a t a  from gamma 
zpectral a r a l j s i s  a n d  2 4 1 A ~  a n d  233 + 24c)Pu d a t a  from chemical separation 
f3llo:ved by alaha spectral  analysis  Table I\/ sholis the q u a l i t y  control 
r e s u l t s  associated r i i t h  t h i s  se r ies  of analysis  

The Tables ( I ,  I 1  a n d  111) give the mean and one standard deviation values 
'cr both the general purpose and shallow core s e t s  of measurements 
the rilean values f o r  b o t h  nuclides (241Am a n d  239 + 2 4 0 P u )  f o r  both sample 
tyDes a r e  w i t h i n  the combined one-standard-deviation uncer ta in t ies  of each 
o tber ,  both sample types can be considered s t a t i s t i c a l l y  the same 

As 

DISCUSSION 
Plutonium-239, 240 and americium-241 concentrations i n  general purpose and 

5 shallow core samples taken a t  GkRS were near regional f a l l o u t  backqround 
The nean (r) 7lutonium concentration value fo r  general purpose samples fzl.erl 

a t  GvlRS was - < 374 p C i j g ,  standard deviation ( S )  
S = 021 f o r  shallow core samples The x americiurr, cowent ra t ion  value f r m  
a l z h a  analysis  of general purpose s a m l e s  was < - 051 p C i / g ,  S = 031, a n d  

017 f o r  shallow core samples Gamma analysis  9ave 

- < 036,  standard deviation ( S )  = 008 and x - < 031, standard deviation ( S )=  

for the general purpose and shallow core samples respect ively 
than the alpha analysis  r e s u l t s  b u t  not s t a t i s t i c a l l y  d i f f e r e n t  from then 

I 

048, a n d  x = 040 pCi/$, 

= - < 030 D C i / g ,  S = 
X- 

These a r e  12#IEr 

qlpha analysis  of a l l  samples were performed i n  duplicate  The values rc?crf?z 
I n  Tables I and I 1  a r e  average values of the dupl icate  analysis  
noted t h a t  the values reported i n  Tales I and  I 1  a r e  not blank corrected 
Hence, these values a r e  ant ic ipated t o  be conservative ( 1  e , over-estlrnate 
the actual a c t i v i t y  present) Where - < values a r e  reported,  the number used 
i n  determining 

I t  should 52 

and S i s  taken as the upper l i m i t  value 
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Table I’d repor t s  data  on t h e  Quality cont ro l  r e s u l t s  
of the  prepared standard samples and the  standard b l a n k  cor rec ted  values 
r m s u r e d  by the  ana ly t i ca l  l abora tory  The lneasured biases  a r e  repre-  

3n-l  i nd ica t e  d a t a  of an acceptab le  q u a l i t y  

I t  i s  a comparison 

s2n ta t ive  of w + a t  i s  t y p i c a l l y  seen i n  neasurement F rogram of t h i s  type 7 
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Lac? t 1 on 

40 + 39 
BO + d 0  

30 + 20 

-- 

ao + 40 

EO 60 
BO f 30 
61 + 00 
c3 + 00 

c3  + 25 
c3 + 50 

c9 + 73 
c1 f 00 

DO + 50 
30 + 75 

, T ** 
S 

ALPHA A4ALYS I S 

239 + 2~o , " (p c ,/ c )  

Ceneral  Purcose Shal low Core 
044 - + 079 064 - f 024 

077 - + 012 063 - f 019 

961 - + 0iO 015 - + 011 
171 - + 016 046 - f 021 

124 - + 019 031 5 016 

065 + 009 020 013 
125 f 015 013 - + 007 
026 + 007 015 012 

039 - f 078 049 - + 076* 
024 f 015 051 f. 019 

076 - f 016 027 - + 016 

192 - + 019 051 - f 022 

067 + 011 053 - f 031 - 

- 
- 
- 

007 - + 006* 029 - + 017 

- 

- ( 0  074 
0 048 

( 0  040 
0 021 
- 

* 
** Average of an  MDC and a p o s i t i v e  result  

Average v a l u e s  a r e  ob ta ined  by assumlng l e s s  than numbers a r e  s e t  
equal  t o  their u;per l i m i t  
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-@cat 1 on 

ao + 30 
20 + 30 

90 + 23 
BO + 40 
60 + 60 
BG + 80 
67 + 00 
co + co 
c3 + 25 

co 50 

co + 75 
Cl + 00 
XI + 50 
30 + 75 

- ** < 
s 

Sene r3 1 D ~ J  r r ,. s e 
? 2 7  - + 120 
362 - + 052 
062 - + 054 
063 - + (366 
036 - + 036 
063 f 050 
066 - + 002 
040 - + 042 
052 - + 055 
081 - + 075 

- 008 
024 - + 029 
024 - + 024 

- < 009 

3 051 
0 031 

Shal low Core 
078 - + 050 

- < 044 - t 044* 
- < 056 - + 073* 
- 041 - + 045" 

< 030 

039 

- 031 
5 049 - + 049* 
- < 046 - + 0 5 f  

< 060 + 061" 
- 024 

041 - + 033 

077 + 077 

- 
- 

022 - 
- - 

- 

- 4 046 
3 017 

* 
** Average cf an MDC and a positive r e s u l t  

Average v a l u e s  a re  obtained by assuning less than numbers are s e t  
equal t o  t h e i r  upper lipit 

. 



-12- 

Loca t i on 
A0 + 00 
so + 00 

80 + 29 
30 40 
20 + 60 

?'? 80 

31 + GO 

3 4. GO 

CO + 25 

.& 52 
:3 + 75 
Cl -t 00 
39 + 50 

30 + 75 

- *  Y 
s 

reneral  Purpose 
05 + 04 

< 03 

- < 03 
< 03 

- 
- 

- 
04 + 03 - 
05 + 04 - 

< 03 

< 03 

< 03 

- 
- 
- 

04 - + 03 

< 03 

- < 03 
- 

04 + 03 

04 + 03 
- 
- 

Shallow Core 

< 03 

< 03 

- < 03 

- 03 

< 03 

< 03 

- 
- 

- 
- 

03 - 
04 

03 

93 

03 

< 03 

-ri < 03 

- 

- 

- 
- 
- 

04 2 03 

- <O 036 -zO - 031 

o ooa 0 ocll 

* 
Average values are  obtarned by assuming less  than numbers are set  equal 
t o  t'leir uQper l irit  
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TABLE I V  

Analysis Type 

Alpha Ana l y s i s  

for 239 ,24OFU 

A? pha Analysis 

f o r  241 Am 

Gama Analysis 
for 2 4 1 ~  

QUALITY CONTROL RESULTS 
(Pcl/g) 

Control Value 

25 

24 

Measured Value 
Average 
Sr as (:) 

147 2 019 -41 2 
169 - + 046 -29 6 

3 241 + 41 -45 2 

5 141 + 50 -12 7 
- 5 92 

5 83 - 

149 147 f 079 - 1 3  
153 + 079 + 1 3  

1 776 + 71 - 2 4  
- 151 

- 1 a? 
2 246 + 80 +24 1 - 1 81 

40 9 3 8 6  - + 5 8  - 5 6  
3 8 6  - + 5 4  

. 
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GREAT WESTERN RESERVOIR 
SPILLWAY SEDIMENT SAMDLING PROGRAM 

PHASE I1 REPORT 

J D Hurley 

INTRODUCTION 

Sampling o f  the sediment accumulated i n  the Great Western Reservoir 
Spillway was a project divided into two phases 
completed March 16, 1979, consisted o f  taking 14, 5 dm deep surface 
samples and 14, 23 cm deep shallow core samples 
first phase sampling e f f o r t  are reported i n  the Great Western Reservoir 
Spil lway Sediment Sampling Phase I Report, May 2, 1979l. 

Phase I sampling, 

The re su l t s  o f  the 

This report s u m r i t e s  the materials, methods and analytical procedures 
used,as well as the data obtained,from the second and f i na l  phase sampling 
o f  the Great Western Reservoir Spi 1 lway 

PHASE I 1  SAMPLING PROGRAM 

I n  compliance with the Rocky F l a t s  Area Office (RFAO) request to sample 

sediment accumulated a t  Great Western Reservoir Spillway (GWRS), the second 
phase sampling effort  was completed March 11, 1980 
the program involved obtaining seven samples from the vertical surface of 
a three meter high wall o f  sediment The sampling s i t e ,  A0 + 00 C-9, was 
selected on the ba s i s  o f  a survey by the Broomfield City Engineer estimatina 
the greatest accumulation o f  sediment within the spil lway (Figure 1) 
sample was taken per 30 cm depth o f  accumulated sediment. Each of the seven 
samples extended approximately 16 cm into the wall o f  sediment 
col lected during the Phase I 1  sampling were analyzed fo r  plutonium-239 + 240 
and ameri c l  un-241. 

The second phase of 

One 

Samples 

PHASE I 1  SAMPLING 

The seven samples obtained March 11, 1980 were collected by Health and 
Environmental Laboratory personnel under the supervision o f  J 0 Hurley, 

e 



-2- 

io 

I 
I 

c 

e 
a, 
rl 



-3- 

I 

' 0 the project leader 
were overcast and calm with wind speeds ranging from 0-10 mph The 
temperature ranged from 45OF a t  9 00 a m t o  55OF by la te  afternoon 

GWR spil lway supported by nine 15 cm X 30 cm X 3 5 m wooden stoplogs 
30 cm section was cut from each log, providing easy access to the desired 
sampling area and continued support f o r  the 3M sediment wall (Figure 2) 

At the time o f  sample col lect ion the weather conditions 

A l l  

located a t  the eastern end o f  the 
A 

I samples were taken from a sediment wall 

2 

A standard Orchard Auger* (with an 8 3 cm diameter, 16 cm long barrel)  was 
used to obtain the seven samples A volume o f  about 750 cm o f  s o i l  was 
obtained fo r  each sample 
in Figure 3 
sampl i ng procedures 

3 

The sample col lect ion procedure i s  i l l u s t ra ted  
A l l  samples were taken according to established Rocky F la t s  

SAMPLE PRETREATMENT AND ANALYSIS 

Samples were handled and analyzed according to Rocky F l a t s  laboratory pro- 
cedures 
o f  the collected material p r i o r  to alpha and gamma ana ly s i s  Control samples 

prepared a t  the two siqma level were a l s o  submitted for alpha analys is  t o  

The procedures include dryi  ng, bal l m i  11 i ng, s i  evi ng and al  i quoti ng ' 
I de term ne the qual i ty o f  the resul ts 

RESULTS 

Tables I ,  I 1  and 111 g ive  the pluton1 urn-239 + 240 and americium-241 act i  v i  ty  

leve l s  determined f o r  the samples obtained during the second phase sampling 
e f fo r t  
plutonium-239 + 240 and americium-241 data from chemical separation followed 
by alpha spectral analys is.  Table I11 shows americium-241 ac t i v i t y  leve l s  
obtained by g a m  spectral ana ly s i s  

The information reported i n  Tables I and I1  respectively include 

Alpha ana ly s i s  o f  a i l  samples were performed i n  duplicate and were blank 
corrected The values reported i n  Tables I and I1 are average values of 
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DISCUSSION 

Concentrations o f  plutonium-239 + 240 i n  sediment samples taken a t  GWRS 

during the second phase sampling e f f o r t  were well below the 2 d/m/g (approx- 
mately 0 9 pCi/g) a c t i v i t y  screening level adopted by the Colorado State 
Board o f  Health' 
+ 240 was 040 pCi/g, with a standard deviation ( 5 )  o f  026 

The mean plutonium concentration value (F) for plutonium-239 

Analysis o f  americium-241 a c t i v i t y  i n  sediment was performed by alpha and 
g a m  spectral analys is.  When comparing the alpha and gama americium-241 
a c t i v i t y  a l l  l e s s  than values were taken as  t he i r  upper l i m i t  
applied to these values showed no difference i n  the two data sets 

A s i g n  test  

Even though the expected plutonium-239 + 240 to americium-241 r a t i o  i s  o f  the 
order of ten3, the observed average r a t i o  (by alpha ana ly s i s )  was calculated 

as being l e s s  than 1 
detection 1 i m i  ts o f  the americium values obtained by alpha spectroscopy 

This  i s  probably a re f lect ion  o f  the nearness to the 

Inspection o f  the plutonium and americium re su l t s  associated with sediment 
depth indicates sediment a c t i v i t y  i n  GWRS es sent ia l l y  showed l i t t l e  variation 
with depth This f inding was not su rpr i s ing  since i t  was thouqht that the 
sediment sampled i n  the spil lway was deposited as  a r e su l t  o f  h i l l s i d e  erosion, 
deposition by wave action and mixing 

REFERENCES 

1 Hurlcy, J .  O . ,  Great Western Reservoir Spil lway Sediment Sampling 
P r o g r ,  Phase I Report, May 2, 1979 

2 State e# Colorado Rules and Regulations Pertaining to Radiation Control, 
RH 4.21 P e n i s s i b l e  Levels o f  Radioactive Material i n  Uncontrolled Areas 
Adopted by Colorado State Board o f  Health, March 21, 1973 

3 Final Environmental Impact Statement (Final Statement to ERDA 1545-0) 
Rocky F l a t s  Plant S i te ,  Golden, Jefferson County, Colorado U S 
Department of Energy, Apri l  1980. Volume 1 o f  3, pp 2-92, 2-170 and 
3- 30 



TABLE I Great Western Reservoir  Spi l lway 
Phase I 1  Samplinq Plutonium-233 t 240 i n  Sediment 

Alpha Ana ly s i s  

Location* 
A0 + 00 C9-1 
A0 + 00 C9-2 
A0 + 00 C9-3 
A0 + 00 C9-4 
A0 + 00 C9-5 
A0 + 00 C9-6 
A0 + 00 C9-7 

- 
X 

S 

239 + 240 Pu 

055 t 011 
070 t 017 

068 - + 013 
048 - + 011 

016 - + 007 

( PC1 / g  1 
- 
- 

018 - + 006 

,006 + 005 - 

040 

026 

*See text,  page 1 ,  for sample l oca t ion  emlanat ion  



TABLE I I .  Great Western Reservoir Spi 1 lway 
Phase I1 Sampling Americium-241 i n  Sediment 

A1 pha Analysi  s 

Location 
A0 + 00 C9-1 
A0 + 00 C9-2 
A0 + 00 C9-3 
A0 + 00 C9-4 
A0 - + 00 C9-5 
A0 + 00 C9-6 
A0 + 00 C9-7 

- 

- 
- 
X 

S 

241 -Am 

055 - + 040 
063 + 043 
055 - + 041 
038 - + 038 
058 + 041 
117 - + 048 
063 - + 035 

(PCl/d 

064 
02 5 

*See text,  page 1,  f o r  sample locat ion explanation 

e 



TABLE I I1 Great Western Reservoir Spi 11 way 
Phase I1 Sampling Americium-241 i n  Sediment 

G a m  Analys is  

Location* 
A0 + 00 C9-1 
A0 + 00 C9-2 
A0 + 00 C9-3 
A0 + 00 C9-4 
A0 + 00 C9-5 
A0 + 00 C9-6 
A0 + 00 C9-7 

241 -Am 

< 067 
< 092 
< 069 
< 098 

087 

< 077 
< 015 

(PC1/!3)** 

* 
See text, paue 1, for samole locat ion exQlanation 

o f  each sample was set equal to MDA thus 
accounting fo r  the absence o f  uncertainty values 

** 241-Am resu l t s  were a l l  below MDA The resu l t s  
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GREAT WESTERN RESERVOIR SEDIMENT CORES 

I n  the summer o f  1983 Rockwell conducted a geochemical sampling 

of su r f i c ia l  grab and sediment core samples As part& 
project on Great Western Reservoir. 

shared o r  s p l i t  with the City of  Broomfield and the Colorado 
Department o f  Health. Results of plutonium i n  forty-elght surf ic ial  
sediment samples were made public i n  a joint  presentation with the 
C i t y  o f  Broomfield l a s t  May. The informal agreement made with 
Broomfield cal led for  reporting o f  plutonium i n  the core samples 9 - 
12 months after  that presentation. Release of  these data has 
tentat i vely been set for  another joi  nt Rockwell /broomf i eld 
presentation to  be made a t  the March 26, 1985, State Exchange Meeting 
i n  Broomfield. In preparation for  t h i s  disclosure, I am providing 
copies o f  both the Rockwell and City of  Broomfield* datasets for you 
and your s t a f f  t o  review. 

hat col l e c t e d w e r  study a 

Attached you w i l l  f i nd  the following: - Sample location map for  Great Western Reservoir. (Rockwell) - Tabulated Pu-239.240 data far four sediment cores spread 
geometrical l y  across the reservot r. (Rockwell ) - Graphs (Pu-239.240 concentration versus depth i n  the 
sedimentary column fo r  these same four sediment cores. 
(Rockwell ) - Plot  of  experimental values versus +/- sigma core K84 (note 
a l l  graphs were plotted with the plutonium concentration at 
the sediment interval midpoint; this plot i l lust rates  that the 
uncertainty interval around the data values i s  small t o  a1 low 
point plotting without error terms). (Rockwell) 

*Samples analyzed by Acculabs, Inc.; data obtained from K. Kochevar 
(C i  t y  of Broomfield) 
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- Plot of&esium-137 concentration versus depth i n  t 
sedimentary column (used to age date core KB4 and &tal n 
typical sedimentation rate for the deeper area of 
reservoir (eastern area - 0.82 ' per year)). (Rockwell) 

core samples collected at same locations). (Broomfield) 

sedimentary column) for these same three sediment cores. 
( Broomf i e 1 d ) 

- Tabulated Pu-239,240 data for three sediment cores (duplicate 

- Graphs (Pu-239,240 concentration versus depth i n  the 

The plutonium data from both Rockwell and Broomfield i s  as expected 
with no anomalies. Geochemically, one would expect to  see concentra- 
tions near previously reported maximums at depth and values 
approaching background i n  the surface intervals. Due to  relatively 
constant sedimentation rates (approximately 1 ' per year) i n  Great 
Western and changes i n  routine operations at Rocky Flats  (1.e. zero 
discharge goals) over the past decade, th i s  trend i n  the data was 
evident. MaxiRlur values previously reported were 4.1 and 6.0 
pCi/gram (EPA and Battel lc  1970's. respectively). Maximum values 
from this study were 5.4 and 4.9 pCi/gram (core KB4; Rockwell and 
Broomfield data, respectively) f o r  plutonium. Each of these maximum 
values occurred at depths of  17.0 and 7.5 inches, respectively. When 
evaluating these data please note that core KB4 i s  plotted on a 0-6.0 
pCi/gram scale while the remainder of the cores are plotted on a 
0-2.0 pCi/gram scale. Also, note that Broomfield's data represent 
one inch core sections while Rockwell 's data represent two inch 
intervals. The cores selected by Broomfield were not quite as long 
as the Rockwell cores; two inch intervals Mere ut i l i zed by Rockwell 
to  accommodate more radlonucl ide analyses by Rockwell . 
An interesting observation was made by G. H. Setlock (EALC) as he 
compiled these sediment core data. 

eCesfwF37 arrd vtanfurn-239,24Q coincide at depth in core KB4. Peak 
GCesium-W coa 8 ntration is used as a time horizon i n  sediment cores 

(1 .e. urrtrrr cesitm-137 level cocmpowls t o  1962 horizon) due to 
the per& of atamspheric fallout from weapons testing. This technique 
i s  a routine practice by geologists and is  frequently employed Since 
lake sediments represent the best natural record of the environmental 
history of an area. The of  both radionuclides's maxima 
and other information 
s ignif icant quantities 

The peak concentrations of both 

data), strongly implleS that 
in the deeper sediments of Great 
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Western Reservoir may have been deposited there as a result  o f  
atmospheric fa l lout  and do not entirely derive from Rocky Flats. 
This preliminary hypothesis w i l l  be independently pursued through 
additional&esium-137 analyses on other Great Western and Standley 
Lake cores as well a s  plutonium isotopic studies t o  "f ingerprint" the 
source of the plutonium. This idea along with other s t a t i s t i ca l  
studies o f  the Great Western Reservoir data ( 1  .e. pl utoni urn inventory 
i n  Great Western sediments) which were previously brought to  your 
attention w i l l  be i n i t i a ted  i n  FY85. When these studies are 
completed, RFAO w i l l  receive a detailed briefing. 

Please review the attached Great Western Reservoir data. If &or 
your s t a f f  have any questions or  problems with reporting these 
plutonium data at the March 26, 1985, State Exchange Meeting, please 
contact me. 4- J&&f 
eorge4.  Campbell , Act i ng Di rector 

Health, Safety and-Envi ronment 
Rocky F l a t s  Plant 
North American Space Operations 

Orig. and 1 cc - J. R. Nicks 

Enc . 
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SAMPLE COLLECTION SUMMARY 
for the 

STANDLEY LAKE PROJECT 

On the dates between 7/31/84 auk 8/9 /  4 ,  
members of the Environmental Analysis group under 
the direction of Dr. George Setlock, collected 
sediment grabs, water sampLes, and cores from 
Standley Lake, located southeast of Rocky Flats 
Plant. The lake was divided into four quadrants, 
A, B, C, and D from which grids of samples were 
taken. The exact location of each sample was 
directed and determined by A. Quintana of the 
Civil Engineering group using surveying techniquer. 
All samples were recorded in a log book along with 
their location, time and date, sample type, 
sampler, and any comments applicable to the 
particular sample. 

Sediment grabs were collected on all days of 
the sampling period. 51 grabs were taken at 
predetermined sites from 7/31 to 8/7/84. On 
8/8/84,  five additional grabs were taken at 
areas which had been left unrepresented by the 
predetermined grab locations. On 8/9/84, 
representatives from &he City of  Westminster joined 
the Rockwell team and collected grab8 at seven 
locations of their determination using Rockwell 
equiptment. Overall, the deepest grab was taken at 
86' 5" (SL-10, 8 /3 /84) ,  the most shallow grab at 2' 
6" (SL-56, 8 /8 /84) .  Two quarts of wet sediment 
were taken at each location except the Westmrnster 
sites where one quart of wet sediment was taken. 

Three water samples were taken, all on 8/8/84.  
A location in Quadrant A was sampled at three 
depths to compose the water samples. The total 
depth of the sample location war 73' 9". Water 
sampler were taken from depths o f  one foot (surface 
sample), 37 feet (mid sample), and 70 feet (bottom 
sample). Two gallonr of water were taken at each 
location. 

Four core samples were collected. Tvo cores 
were taken on 8/8 /84  by the Rockwell team. The tvo 
additional corer were t8ken in conjunction with the 
City of Weatmrnster on 8/9/84.  The maximum depth 
from which corea were drawn war 84' 5" (SUB-2, 
8/8/84) .  The minimum depth was 68' 0" (SLUM-60, 
8/9/84) .  The cores were of varioua lengths, 
reflecting each location's surceptibility to the 
core sampling technique. 
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OCT 3 I984 

C i t v  of i lestvinster 
c/o Kellv Diplatale 
3031 West 76th Avenue 
llestminster, Ccrlcrado 80930 

near Nr. PtHatale: 

9ttached i s  a sedrwnt sample location map and sbort rerort 
dcqcribinq Rockwall's samplinq activities conducted on Standlev 
LqCe in August, 1 9 0 4 .  All of the sediment samples collected from 
Stnndley Lake are bcinq processed for plutonium analyses by our 
ITS&? 1 2 3  laboratory .  Thpqo data w i l l  bo shared with and 
TresonteC at a S t a t e  rxchango meeting ln Spring, 1985.  Future 
corresnon8ence will keep you aware of nroqre*a on t h e  
r>?iochemical data acauisition and reporting achoctule. 

Sfncarely ,  

SCE BR 
Crist. Id 
10/1/84 

S&E BR 
S tearns 
10/1/84 

DAM AREA MGR 
Bellow8 Nicks 
1u/ /84 10/ /84 



' a  

Crtv of Thornton 
c /o  M a r k  S ~ e e d  
3500  C i v i c  Centre D r i v e  
T,kornton, Colorado 80229 

Ocar Y r .  Speed: 

Attached is a sediment sample location map and short report 
Jescribfnq Pockwell's samoling activities conducted on Standley 
Ceke in August,  1984. All of tho sediment samples col lected from 
Standley Lake are beinq processed for plutonium analyses by our 
VSLF 123 lahorntorv.  T h s s ~  data will he shared with and 
presented at a State Exchanqe rneetfnq in S p r i n g ,  1985. Future 
correspondence w i l l  Peep you aware of proqress on the 
radiochemical d a t a  acquisition and reporting schedule. 

Sincerely, 

James R. Nicks 
4rea Manaqer 

P ttzchnen t 

SfE BR 
Crist. Id 
io 11 /a4 

S&E BR 
Stearns 
io/i/a4 

DAM 
-110~. 
10/ /84 

ARZA MGR 
Nicks 
10/ /84 
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SUMM.AxY 

The Colorado Department of Health analyzed fish collected from Standley 
Lake in June, 1989 for a variety of pollutants to determine if these fish were 
safe for human consumption The species analyzed included walleyes, channel 
catfish, bass and rainbow trout, which were collected by electro- 
fishing and gillnetting Composites of raw fillets for each species were 
analyzed for selected metals, radioactive substances and priority organic 
pollutants Radioactive materials, including plutonium-239+240 and cesium-137, 
were subjected to exceptionally sensitive analysis and were not detected Low 
concentrations of cadmium, mercury, selenium, DDT, DDE, DDD and malathion were 
detected in some or all species Although the source of these contaminants 
was not determined in this study, none of them are unique to the Rocky Flats 
Nuclear Weapons Facility They may originate from a variety of sources in the 

watershed, including water diverted from Clear Creek which contributes 
ninety-six percent of the flow to the lake 

The results of a health risk assessment indicate that consumption of a 

smallmouth 

reasonable 
health risk to the public, from either a toxicity or cancer-causing standpoint 
This type of screening survey is generally not undertaken in Colorado unless 
there is evidence of a known contamination source Therefore, comparative 
information for other lakes and reservoirs is not available Additional 
in-depth monitoring at Standley Lake, as well as monitoring of pollutants in 
fish from other Front Range lakes, should be undertaken to confirm these 
results and provide comparative information 

quantity of fish from Standley Lake does not present an appreciable 

I 
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INTRODUCTION 
The June, 1989 Agreement in Principle between the U S Department o f  

Energy and the State of Colorado provides additional funding and resources to 

the Colorado Department of Health (CDH) to intensify environmental monitoring 
efforts around the Rocky Flats Nuclear Weapons Facility A s  part of this 
increased 
from Rocky Flats, CDH conducted a study of fish samples taken from Standley 
Lake, 
primary objective was to determine whether the fish were contaminated by 
chemical or radioactive pollutants from the facility and, if s o ,  whether they 
were unsafe for human consumption 

effort and to address public concern regarding the potential impact 

a water supply reservoir located 3 miles downstream from the plant The 

The screening level health risk assessment of fish considered three 
components 1) a hazard identification, 2)  a dose-response assessment, and 
3) an exposure assessment In the first two components, various chemical, 
toxicological and radiological data bases were reviewed In the third, the 
concentration of pollutants in fish tissue and average fish ingestion rates 
were used to estimate levels of human exposure to contaminants and the 
corresponding health risks 

Although Great Western Reservoir also lies downstream of the Rocky Flats 
Plant, frsh from this reservoir were no t  analyzed because fishing is not 
allowed in the reservoir and there is no public access t o  it 0 STUDY DESIGN 

The primary aim of this investigation was to measure the concentrations of 
suspected pollutants in edible fish tissue Accordingly, fillets had to be 
obtained, prepared and cleaned using the same procedures normally employed 
most anglers Analysis, therefore, did not include either whole fish or 
specific organs, such as the liver However, analysis of these tissues nay be 
appropriate for subsequent studies 

by 

Given the initial resources available, a screening survey sampling design, 
patterned on Phase I of the Massachusetts Fish Toxics Monitoring Program 
€PA 1987 ) ,  was selected for an expedited assessment during the summer of 
1989 That program is a three-phased approach consisting of a screening 
survey, confirmatory analysis, and follow-up In the Standley Lake study, at 
least three fish per composite were selected f o r  each species Composite 
analysis 
is more cost-effective for screening when the tissue mass required for 
analysis is large Separate samples for organics and for inorganics (e g , 
metals and radionuclides) were selected for each species A combined total o f  

eight samples, two each of four species of fish, was analyzed 

(U S 

was selected over analysis of individual fish because such a strategy 
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TARGET SPECIES 

T a r g e t  f i s h  s p e c i e s  were chosen t o  s a t i s f y  t h r e e  c r i t e r i a  (1) t h a t  t h e  

f i s h  a r e  common and l i k e l y  t o  b e  caught and e a t e n ,  (2) t h a t  s e l e c t e d  s p e c i e s  

inc lude  a bottom f e e d e r  and top predator  i n  t h e  a q u a t i c  food c h a i n ,  and (3) 

t h a t  t h e  number of s p e c i e s  be l i m i t e d  t o  f o u r  I n  c o n s u l t a t i o n  with t h e  

Colorado D i v i s i o n  o f  W i l d l i f e ' s  Centra l  Region f i s h e r i e s  personnel ,  CDH Water 

Q u a l i t y  Contro l  D i v i s i o n  s e l e c t e d  wal leye  (-n v i t r e u m ) ,  smallmouth 

b a s s  (J4icroDterus dolomieuA, rainbow t r o u t  (Oncorhvnchus mvkiss) and t h e  

channel  c a t f i s h  ( I c t a l u r u s  ounctatus)  

I 

Other s p e c i e s  i n  t h e  r e s e r v o i r  include t h e  b l u e g i l l ,  c a r p ,  green s u n f i s h ,  

largemouth bass, sucker  and yel low perch 

SUSPECTED CONTAMINANTS 

The l i s t  o f  p o t e n t i a l  contaminants (Appendix A) s e l e c t e d  f o r  a n a l y s i s  was 

compiled a f t e r  c o n s u l t a t i o n  with CDH personnel  from t h e  Environmental 

Epidemiology, Hazardous Mater ia l s  and Waste Management, Radia t ion  C o n t r o l ,  

Laboratory  and Water Qual i ty  Control  Div is ions  

p o l l u t a n t  s c a n  for organics  and metals  a long with radionuc l ides  p o t e n t i a l l y  

r e l e a s e d  by t h e  Rocky F l a t s  P l a n t  

The l i s t  inc ludes  a p r i o r i t y  

FIS" 
B i o l o g i s t s  from t h e  Colorado Div is ion  o f  W i l d l i f e  and t h e  

' 0 Q u a l i t y  Contro l  D i v i s i o n  c o l l e c t e d  f i s h  by e l e c t r o f i s h i n g  along t h e  dam 

between aDproxirnately 7 pm and 9 30 pm on June 2 8 ,  1989 I n  a d d i t i o n ,  g i l l  

n e t s  were s e t  a t  t h r e e  l o c a t i o n s  on t h e  l a k e  (Figure  1) The Colorado 

D i v i s i o n  o f  W i l d l i f e  personnel  s e l e c t e d  t h e  sampling s i t e s  based on t h e i r  

previous  work on t h e  lake  The onset  of dangerous wind condi t ions  prevented 

t h e  nets  from b e i n g  checked a f ter  2 t o  3 hours T h e r e f o r e ,  they were l e f t  out 

o v e r n i g h t ,  and r e t r i e v e d  between 8 and 9 t h e  fo l lowing  morning 

Colorado Water 

The s p e c i e s  c o l l e c t e d  included wal leye ,  smallmouth b a s s ,  rainbow t r o u t ,  

channel  c a t f i s h ,  white suckers ,  carp  and yel low perch The l a r g e s t  two 

w a l l e y e s ,  t h e  carp  and the  smallmouth b a s s  were captured along the  dam by 

e l e c t r o f i s h i n g  The g i l l n e t  a t  s i t e  1 captured t r o u t ,  p e r c h ,  carp  and smaller 

wal leyes  The remaining two g i l l n e t s  ( s i te  2 and 3) captured t r o u t ,  small 

walleyes, whi te  s u c k e r s ,  carp and channel  c a t f i s h  

Captured f i s h  were h e l d  temporari ly i n  a thoroughly r i n s e d  metal tub which 

conta ined  10 g a l l o n s  of l ake  water Live  f i s h  were removed from t h e  tub and 

k i l l e d  wi th  a sharp blow t o  t h e  head before  process ing  

s p e c i e s  were randomly a l l o c a t e d  wi th in  s ize  groups i n t o  e i t h e r  organics  or 

f n o r g a n i c s  a n a l y s i s  F i sh  des t ined  f o r  organics  a n a l y s i s  were wrapped i n  

aluminum f o i l ,  those  f o r  the  metals and radionuc l ide  a n a l y s i s  were p l a c e d  i n  

Subsamples o f  each 
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Figure 1 Fish c o l l e c t l o n  locat ions  a t  Standley Lake 
were g i l l n e t  sets 

S i t e s  1 ,  2 and 3 



plastic bags The fish were labeled and placed on ice, but not frozen, and 
transported back to the laboratory 
Environmental Protection Agency (EPA) guidance (U S EPA 1989) 

These procedures are consistent with U S 

I 

The whole body weights and lengths and the fillet weights of the four 
target species are presented in Table 1 Fillets were collected from six 
walleyes, six channel catfish, six smallmouth bass and ten rainbow trout 
Moisture in the homogenized composites ranged from 73 to 81 percent 
LABORATORY PROCESSING 

, 

I At the laboratory, fish were unwrapped and weighed to the nearest ounce 
for large fish and to the nearest 10 g for small fish, and measured to the 
nearest 1/4 inch (reported in cm) After wiping the slime coat from each fish 
with a paper towel, a skinless fillet from the left side was collected with a 
stainless steel fillet knife The fillets were individually weighed and then 
cornposited by species for either organics or metals analysis 
tissue as possible is required for analysis, the entire fillet from each fish 
was composited Thus composites are weighted towards larger fish Fillets 
came in contact only with the filleter’s hands, the fillet knife and either 
fresh aluminum foil or fresh plastic depending on their analytical destination 

Because as much 

Composite samples were delivered to the chemical laboratory where the 
fillets were blended into homogeneous composites Those composites for 
inorganics testing were placed in plastic containers and frozen Those 
composites for organics analysis were analyzed fresh 0 

In addition to providing information on contaminants that could result 
from known historical emissions of radioactive materials from the Rocky 
Plant, these analyses also would provide evidence of either a criticality 
accident or an operating nuclear reactor Each sample was analyzed for a 
variety 
analysis 
of commercial nuclear power reactors 

Flats 

of mixed fission and activation products by direct gamma spectrometric 
This procedure is the same as that used in the routine surveillance 

(Colorado Department of  Health 1989) 
A 10-g aliquot of each composite was analyzed separately for plutonium- 

239+240 by actinide separation and alpha spectrometry according t o  CDH 
that have been used since 1970 Tissues were digested in hydrofluoric acid 
together with a plutonium-236 tracer, and the plutonium was eluted by ion 
exchange chromatography The plutonium was then electroplated on a stainless 
steel planchet and the plutonium-239+240 was measured by alpha spectrometry 
Any sample 
236 tracer A duplicate analysis was conducted on the channel catfish 
composite as a quality assurance measure 

methods 

losses were corrected by measuring the recovery of the plutonium- 



For uranium analysis, 10-g of tissue was digested according to EPA method 

3050 and diluted to 50 m l  This was then analyzed by the CDH fluorometric 

I method 
I 

RGANTCS A N U S I S  

Organochlorine and organophosphorus pesticide residues were extracted 

according to AOAC (AOAC 1984) Method 29 001 and, 29 012 - 29 015 Extracts 

were 
nitrogen-phosphorus detection Results were confirmed by gas chromatography/- 

mass spectrometry 

METALS ANALYSIS 

O 9  
analyzed by gas chromatography using both electron capture detection and 

For chromium, beryllium, lead, cadmium and nickel, 5 0 grams of tissue was 
digested with nitric acid and hydrogen peroxide according to EPA method 3050 
(U S EPA 1986) Digestions were diluted to 50 ml and analyzed by atomic 

absorption spectrophotometry (AAS) by EPA methods 218 1, 210 1, 239 1, 213 1 

and 249 1 (U S EPA 1979) 

For mercury 0 5 g was analyzed by cold vapor AAS according to EPA method 

245 1 (U S EPA 1979) For selenium, 10 g of each sample was dried and ashed 

at 6OOCO then diluted to 50 ml with 0 15% nitric acid A 25- ml aliquot of 
this solution was then analyzed fluorometrically according to the CDH method 

A duplicate analysis f o r  all these metals, mentioned above, was conducted 

on a separate aliquot of tissue from the channel catfish composite 
' 0 RISK ASSESSMENT 

In performing the risk assessment, the CDH evaluated the impacts of radio- 
nuclides and EPA Region VI11 evaluated organic chemicals and metals 

The dose response assessment for radiation was based on the U S Department 

o f  Energy's dose conversion factors (U S DOE 1988) For metals and organic 

chemicals, it was consistent with EPA guidelines (U S EPA 1989) 

Because there were no detectable quantities of radionuclides in the fish 
samples, the typical case was caltulated at the lower limit of detection for 

each of 22 radionuclides for which analyses were performed, to provide a very 
conservative estimate of potential risk This effective whole body radiation 

dose (based on individual organ radiation sensitivities) assumes that four 

ounces of fish would be consumed per week for 70 years 
is more 

in establishing fish and water ingestion criteria (U S EPA August, 1989) 

The human health risk for this typical case dose was determined by summation 

of the doses for all radionuclides analyzed The collective dose in millirems 

This consumption rate 

than twice as conservative as that assumed by the majority of states 

was equated to health risk at a rate of 0 0002 cases (somatic and genetic) per ' rem (ICRP 1977) 
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The computed dose and associated health risk were compared w i t h  t h e  

National Council on Radiation Protection's Negligible Individual Risk Level 
(NCRP 1987) of 0 001 rem per year (or 0 070 rem per 70 years) with an 
associated health risk (somatic only) of 1 in 10,000,000 per year (or 7 0 in 
1,000,000 per 70 years) Details of these assessments are presented in 
Appendix B 

a 

The risk assessment for metals and organic chemicals was conducted by €PA 

The assumptions used to calculate exposures listed in Appendix C are consistent 
with those used in the risk assessment for radionuclides For non-carcinogenic 
compounds, the exposures were compared with the reference doses, found in the 
EPA Integrated Risk Information System (IRIS), which are the amounts of a 
chemical which can be ingested without an appreciable risk o f  deleterious 
effects during a lifetime In the case of carcinogenic compounds, the 
exposure 
to estimate the upper limit of lifetime cancer risk 

was multiplied by the carcinogenic potency factor obtained from IRIS 

RESULTS AND DISCUSSION 
In the following sections, findings of chemical and radiological analysis 

of the fillet composites and the calculated risk assessment are presented As  

described above, this initial screening project was restricted t o  composite 
sampling Because individual fillets were not analyzed, there are no 
estimates of the range or variance of the underlying population and no 
uncertainty analysis However, compositing unequal weights of fillets f rom 

individual fish provides an average weighted towards the larger fish This 
provides a worst-case analysis because the pollutants tend to accumulate in 
higher concentration in the larger fish 

thus 

In addition, because of available time and resources for this initial 
screening effort, the study did not include a comparison of metals/pesticide 
residues in fish from other lakes in the region Monitoring of fish for con- 
taminants is not routinely performed in Colorado Therefore, little compara- 
tive data were available Had such data been available, it would have been 
possible t o  determine whether the concentrations were normal or were atypical 
JUDIONUCLIDES 

Concentrations of radionuclides, including uranium (all isotopes in natural 
abundance), plutonium-239+240, cesium-137 and 18 other gamma emitters (fission 
byproducts), were not present in detectable quantities in any of the species 
of As previously mentioned, 
although no radionuclides were detected, the lower limits of detection, rather 
than zeros, were used in the risk evaluation 

fish that were analyzed (Table 2 and Appendix B), 

The resulting estimate of risk 
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is probably higher than any actual risk that might result from Lake 
fish consumption This method of calculation also served to ensure that the 
detection levels were low enough to identify any health impact if it existed 

Standley 

Analysis for tritium and radiostrontium was not performed However, the 0 failure of other radionuclides to appear in detectable quantities provides 
sufficient reason to conclude that they would not be present in detectable 
quantities 

The measurement sensitivity for gamma-emitting radionuclides in walleye, 
catfish and trout was superior to the surveillance requirements of the U S 

Nuclear Regulatory Commission for fish collected near commercial power 
reactors Because the amount of tissue in the smallmouth bass sample was 
small, the sensitivity of the measurements for that sample did not meet these 
same requirements Sensitivity for the plutonium analysis was considered to 
be very good for all species 

The maximum 70-year committed effective dose equivalent (CEDE) for all 
radionuclides combined was estimated to be much less than 0 004 rem (CEDE 
rem) This is much less than the Negligible Individual R i s k  Level (NIRL) 
equivalent dose of 0 070 CEDE rem established by the National Council for 
Radiological Protection and Measurements The associated maximum 70-year 
(somatic and genetic) risk was estimated to be much less than 0 8 in 
1,000,000 This estimate was less than the somatic risk level o f  7 0 in 
1,000,000 in 7 0  years calculated from the NIRL 

-CHEMICALS 
I 

Table 2 presents the results of only those organic chemicals found at 
detectable levels 
of DDT (Dichloro-diphenyl-trichloroethane) and its metabolites DDE and DDD and 
malathion were not present in any detectable quantity Concentrations of DDT, 
DDE, and DDD in the trout, smallmouth bass and walleye ranged from 0 002 to 

0 006 ug/g (wet weight basis) and ranged from 0 02 ug/g to 0 03 ug/g in the 
channel catfish These concentrations are below the FDA allowable tolerance 
levels A trace of 
malathion was found only in the smallmouth bass composite, at a non-quanti- 
fiable below 0 1 ug/g, but above the minimum detectable level of 0 01 

All of the priority pollutant organics with the exception 

which existed at the time that DDT was registered for use 

level 

ug/g 
Because of its widespread historical use as a pesticide and its persistence 

in the environment, DDT and its metabolites DDE and DDD are ubiquitous and are 
detected in many foods in small amounts, including fish Based on levels found 
in the channel catfish, average weekly consumption of four ounces of catfish 
would result in a dose of 0 017 ug/kg/day which is well under the non-cancer ’ 0 

-7  - 



reference dose of 0 5 ugfkg/day (Appendix C )  DDT is also classified as a 
probable human carcinogen and the upper limit of the lifetime cancer risk, 
assuming a weekly meal of catfish, would be 6 in 1,000,000 (Appendix C) To 
put this in perspective, in a group of 1,000 people who ate a weekly meal of 
channel catfish over a lifetime, an additional 006 cases of cancer would 
occur in those 1,000 people o v e r  what would be expected 

The exposure to malathion, an organophosphate insecticide, from a weekly 
meal o f  four ounces of smallmouth bass would be 0 01 ug/kg/day, which is well 
below the acceptable reference dose of 20 ug/kg/day (Appendix C)  

HIETAIS 

Table 2 lists the concentrations of metals found in the fish fillets 
expressed on a wet weight basis Only cadmium, mercury and selenium were 
detected 

Cadmium concentrations were 0 48 ug/g in rainbow trout, 0 40 ug/g in the 
smallmouth bass, 0 26 ug/g in the walleye and less than 0 23 ug/g in the 
channel catfish The exposure to cadmium from an average weekly consumption 
of four ounces of rainbow trout would be 0 12 ug/kg/day, which is less than 
the reference dose of 1 ug/kg/day 

Mercury was detected in all species and concentrations ranged from 0 06 

ug/g 
mercury to be a l l  methyl mercury, the specified routine consumption of 
smallmouth bass would result in an exposure of 0 05 ug/kg/day, which is below 
the reference dose of 0 3 ug/kg/day for methyl mercury 

Selenium was found only in the smallmouth bass, at a concentration of 

in the rainbow trout to 0 21 ug/g in the smallmouth bass Assuming this 

0 02 

ug/g This would result in an exposure of 0 005 ug/kg/day, which is less than 
the reference dose of 3 ug/kg/day 

I 

The duplicate analysis of the channel catfish revealed only a difference 
in the mercury concentrations which were 0 09 ug/g and 0 14 ug/g Other 
metals were below the detection limit in both samples 
F J ? Z  

This study did not attempt to determine the source of the pollutants 
detected in the fish However, based on water quality monitoring in the 
basin, likely sources are the immediate lake environment, and the watershed 
In addition, the majority of the trout in the lake were stocked, and this 
study did not include any separate examination that distinguished between 
recently stocked fish and other fish in the reservoir In the lake, fish 
accumulate pollutants through a combination of chemical-specific contaminants 
in food, water and sediment 

I. 
- 8  - 



The primary source of the pollutants is most likely the water inflow, most 
of which comes from other drainage basins Ninety-six percent of the inflow 
is 
Croke Canal Clear Creek contains pollutants from a variety of sources For 
example, in the past five years, it has received pollutants from municipal 
dischargers, industrial dischargers, mining activities and non-point sources 
These sources may have contributed pollutants to the water and sediment 

water diverted from Clear Creek through the Farmers' Highline Canal and the 

To a lesser extent, the immediate watershed, including the Rocky Flats 
area, may be contributing pollutants However, of the contaminants found in 

the fish, none are unique to operations at the Rocky Flats Plant 

CONCLUSION 
Based on the results of the risk analysis of the fish fillets, using a 

conservative (i e , health protective) estimate of lifetime weekly 
consumption, consumption of an average amount of fish from Standley Lake 
not present an appreciable health risk No non-cancer toxicological impacts 
were predicted With regard to DDT, DDE and DDD, there is an extremely small 
increased lifetime risk of cancer for people eating channel catfish from the 
lake However, because DDT and its metabolites are ubiquitous in the 
environment, the increased risk is not unique to Standley Lake 

does 

This initial screening study did not include the collection and analysis 
of fish samples from other Colorado lakes and reservoirs Therefore, no 
comparisons could be made As part of follow-up monitoring, multiple 
composites or individual fish samples from a variety of lakes should be 
analyzed so that statistical comparisons can be made 

In addition, monitoring should be conducted at Standley Lake t o  verify the 
concentrations of mercury and cadmium in f i s h  These two metals were at 
concentrations that, although not posing a significant risk, are near the 
reference doses and therefore warrant further assessment With this 
additional monitoring, the data and conclusions in this report could be 
confirmed 

-9 - 
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T a b l e  1 Whole f i s h  l e n g t h s  and w e i g h t s  and f i l l e t  w e i g h t s  f o r  fish 
c a p t u r e d  a t  S t a n d l e y  Lake June 2 8  and 2 9 ,  1 9 8 9  

Whole fish F i l l e t  Type of 
S p e c i e s  A n a l y s i s  Length (cm) Weight weight  (g) 

Walleye  I 
I 
I 

, 0 
0 
0 

Channel  I 
c a t f i s h  I 

0 
0 
0 

I I 

Smallmouth I 
b a s s  I 

I 
0 
0 

I 

I 0 

Rainbow I 
t r o u t  I 

I 
T l. 

I 
I 

0 
0 
0 
0 

59  
40 
37 
6 1  
4 8  
37 

1 0 2  oz 4 5 0  
1 9  02 6 6  
16 oz 8 2  
9 4  oz 390  
3 6  oz 180 
1 6  02 73  

41 20 02 7 0  
4 8  41 oz 1 4 5  
53 66 02 2 9 0  
4 8  39 02 7 9  
4 3  2 4  02 41 
33  1 2  02 22 

29  10 02 44 
25 5 02 2 4  
2 2  1 0 2  g 1 9  
29  350  g 4 9  

2 1  135  g 2 2  
2 2  1 6 5  g 23 

3 1  8 oz 35 
27 6 oz 3 5  
27 1 8 5  g 36 
3 4  2 5 0  g 40 

3 0  3 1 0  g 8 2  
30  2 3 0  g 45 

3 1  2 2 0  g 35  

28  230  g 39  
26 1 9 0  g 35 

30 1 9 0  g 3 0  

Type o f  a n a l y s i s  I - i n o r g a n i c  (wrapped i n  p l a s t i c )  
0 = o r g a n i c  (wrapped i n  aluminum f o i l )  



Table 2 

on June 18 and 29  1909 Concentrationr are on a wet weight basis 
Concentration of pollutants in fish fillet (left side without skin) composites collected from Standley Lake 

Rainbow Trout Channel Catfrsh Chann.1 Catfish Smallmouth Bass Walleye 
JComos i t e ). g&l=pOsitey ~Ouoli c a t e Ana lvr i s  1 LCompos it e 1 JComDor i te 1 

RADIONUCLIDES pCf/6 
plutonium 239+240 C 0 0002 

uranium (all c 0 01 
isotopes 1 

cesium 137A c 0 02 

ORGANIC CHPIIChLSB - US16 
DOT 0 006 
DDE 0 003 
DDD 0 004 
malathion < 0 01 
fat extract ( 8 )  0 12 

METALS - ug/g 

beryllium c 0 50 
cadmium 0 40 

chromium c 0 99 

lead c 2 5  
mercury 0 06 
nickel 
s e 1 enium 

c 0 99 

c 0 0 1  

NO FISH PER CMWSITE 
or( ani c s 4 

metals h radionuclides 6 

c 0 0001 
c 0 010 
c 0 01 

0 030 
0 020 

0 020 

c 0 01 
0 24 

c 0 50 
c 0 23 
c 0 99 

c 2 5  
0 09 

c 0 99 

0 0 1  

3 

3 

C 0 0003 
--- 

c 0 01 

C 0 50 

C 0 23 
c 0 99 

c 2 5  
0 14 

c 0 99 

c 0 0 1  

--- 
--e 

C 0 0003 

c 0 202 
c 0 01 

0 005 
0 002 
0 003  

0 040 

0 09 

0 50 

0 40 

c 0 99 

c 2 5  
0 21 

c 0 99 

0 02 

3 

3 

c 0 0002 

c 0 009 

< 0 01 

0 004 

0 002 
0 OOL 

c 0 01 
0 26 

0 50 
0 26 
0 99 

c 2 5  
0 18 

c 0 99 

c 0 0 1  

3 

3 

A All other fission byproducts a r e  also l e s s  then detectable and are tabulated separately in Appendix B 
B Only those organics found at detectable levels are tabulated 
C The minimum detectable level is 0 01 ug/&, the practical quantitation limit is 0 1 u&/g 



Appendix A 

Suspected Contaminants for Analysu 

a Radionuclides 
Plutonium - 239 and 240 

Uranium 

Cesium 137 (and 20 other gamma-emltting fission products) 

Americium 
in Rocky Flats grade plutonium) 

(not analyzed - may be calculated on the basis of maximum ingrowth 

Metals 

Chromium a 
Selenium 

Beryl lium 

Lead 

Mercury (total) 

Cadmium 

Nickel 



OreanLC Chemicals e 
Priority pollutants analysis including 

Volatile oreanic chemicals 

Chloroform 

Acetone 

Methylene chloride 

Benzene 

Semi-volatile oreanic - chemicals 

Ph thala t e s 

Pes ticides 

PCB 

a 



Appendix B 

DOE 
REH/uCi 
CEDE + 

Pu-239+241 5.7 
MAN I UH .25 

6AnHA MALYSIS 
COUHT TIHE lseconds) 
HASS COUNTED lgrars) 

"-54 
CO-58 
FE-59 
CO-68 
111-65 
IR-95 
NE-95 
no-99 
RU-113 
RU-186 
SB-125 

1-131 
TE-131 
cs-134 
CS-136 
CS-137 
BA-I48 
LA- 140 
CE-144 

,8127 
,1435 . $066 
,126 
,814 

,1934 
,8022 
,8044 
,8827 
,021 

,9126 
,853 
8074 
,174 
,111 . 15 

,8084 
,8077 . 12 

DOSE AND RISK FROH THE IffiESTION OF FISH 

SOORCE = STANDLEY LAKE 06/29/89) 

CATFISH 

{ 2e-4 
,I1 

75 , a80 
459 

,111 
C ,111 
( ,126 

.I1 
( ,125 
( ,119 
{ ,111 
( ,819 
{ 017 
C ,88 
( ,816 
C ,889 
{ ,924 
< ,112 
( ,817 

.81 
{ .122 
C ,912 
( ,889 

TROUT 

{ 2t-4 
( 11 

75 1 181 
246, 

< ,821 
( ,821 
( ,151 
( ,119 
( ,149 
< ,136 
{ ,121 
( .a2 
{ ,813 
( ,153 
{ .13 
C 814 
{ ,855 
< ,123 

,833 
( .I2 
( ,145 
( ,825 
{ ,157 

BASS 

< 3e-4 
< .I1 

175,111 
65.2 

( e 2 9  
,297 

( ,715 
C ,264 
{ ,689 
{ ,536 
C ,388 
< .446 
( ,266 
( 2.41 
< ,716 
( ,389 
{ 1.12 
{ .332 
< ,491 
( ,282 
( ,863 
< ,386 
( 2,33 

CEDE + = Refermce: Internal Dose Conversion Factors for Calculation of Dose t o  thr Public 
U.S. Departrent itf Energy, Mashington, DC, July 1988 IIJTIS) 

[CEDE = Corritted Effrctive Dose Equivalent la11 organs consideredl J 

HOT€* For equal tissue nasses Igrd and counting tires, th, l o w  lm t r  of drtrrtion rill be 
the sue, I,@., Yallqe Pike (the rost rmritrve rnalysisJ urrd as the TYPICAL CASE 

71 YEAR RISK = (71 YEAR DOSE (CEDE REII)I X (6,8881 rist/CEDE REM 

8,8082 risk/CEDE Rfl = Rrf,: Iatnnational Couission on Rrdioloqical Piot t~t ion 126, pl2, pur 1611 
lincluder both sowtic (1.0111 risk/R€H) and genetic r i d  I1.8M1 rlrk/REH)l 

The Hegligible Individual Ri5k 1,vel of the Nitlonil Council on Radiation Protection and Heasurtrentr 
i s  equal to or less than, 1.178 CEDE RfH in 71  pars and a soratit risk level of 8.188887 i n  71 years 

[HCRP Report No, 91, S ~ t i o n  28, pp 43-45, June 1 ,  19871 

HOT€* Nothing in this data indicates an irpact fror the Rocky Flats Plant 

19/11/89 AJH 



UNlTED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION Vlll 

999 18th STREET - SUITE 500 
DENVER, COLORADO 80202-2405 

Ref: BWM-DW 

Date: November 29, 1989 

To: Bob McConnell, Water Quality Division 
Colorado Department of Health 

a& From: Bob Benson, Toxicologist 
I Drinking Water Branch 
, 
I Sublect: Contaminants in fzsh from Standley Lake 

I Lake. Only the concentrations of DDT, DOE, DDD, malathion, 
cadmiurn, mercury,  and selenium exceed the minimum detection 
levels. Malathion and selenlum were detected in o n l y  one fish 
sample. 
f i s h  from Standley Lake results in exposure to the chemical L :- 
EPA's reference dose IRfD) f o r  non-cancer toxicoloSica1 e2fect 1 m for the chemical, Because SPA classifies DOT, DOE, and ODD as 
probable human carcinogens, consumers of fish from Standley Lake 

, will have an ancreased lifetime risk of cancer A quantLtative 
risk assessment f o r  DDT, DDE, and DDD shows that the upper limit 
of the lifetime risk o f  cancer is 6 in l,OOOtOOO. 

I have reviewed the data on the fish collected from Standley 

I 

In all cases consurnptlon of a reasonable quantity e' 

My conclusion is t h a t  consumption of a reasonable quantity 
of f i s h  from Standley Lake does not present a significant health 
risk to the public. 
f i s h  tissue, and because the exposures to t h e s e  chemicals are 
close to t9e RfD's, additional monitoring of f&sh, water, and 
sediment f o r  these chemicals is prudent. Additional monitoring 

lake with 
cadmium and mercury is likely to continue. 

Because cadmium and mercury bioaccumulate an 

I would be especially prudent if contamination of t h e  

I made the following assumptions: 

I .  a sportsfLsherman and his family consume one meal of 

2. the average serving size i s  120  grams (about four 

3. exposure continues for a lifetime, 
4 .  t h e  most hLghly contaminated species is consumed, and 
5. the average body weight i s  70 kg. 

fish from Standley Lake per weekt 

ounces I ,  

1 



90TAPPE , a n d D P  

DDT was previously one of the most bidely used pesticides. 
DDE and DDD are degradation products of DDT. EPA has cancelled 
the uses o f  DDT. However, because of persistence in the 

I environment, DDT, DDE, and DDD are often detected in food 
samples. The average concentration of t h e s e  chemicals in meat, 

I fish, and poultry in 1982 was 0 0 0 3  ug/gram. The Food and Drug 
Administration (FDA) has established an action level for fish in 
interstate commerce of 5 ug/gram. FDA's action level is based on 
the concept of an unavoidable contamination, rather than a 
quant2tatAve risk assessment. 

I 

I The total concentration o f  DOT, DOE, and DDD in catfish 
from Standley Lake is 0.07 ug/gram. The RfD f o r  non-cancer 
effects 1s 0.5 ug/kg/day. The exposure to DOT, DDE, and D D D  from 
a weekly meal of catfish is 0 017 ug/kg/day. 

( 1 2 0  g fish/meal x 1 meal/week x 1 weekj'l days x 1/70 kg x 
0.07 ug DDT, DDE, DDD/g fish) 

DDT as known to cause llver tumors in experimental animals. 
On this b a s i s  EPA classifies DDT, DDE, and DDD as probable human 
carcinogens with a cancer slope factor of 0.34 (mg/kg/aay)-l 
The upper h m i t  o f  the lJferame cancer r i s k  i s  6 zn 1,000,000. I .  

Malathion is an organophosphate insecticide. The toxicity 
associated with the ingestion of malathion i s  inhibition of 
acetylcholinesterase, an enzyme involved in the transmission of 
nerve impulses. The concentration of malathion Ln the smallmouth 

- b a s s  i s  0.04 ug/gram. The RfD for malathron is 20 ug/kg/day. 
The exposure to malathion from a weekly meal of smallmouth bass 
15  0.01 ug/kg/day. 

(120 g fish/meal x 1 meal/ueek x 1 weeklt days x 1/70 kg x 
0.04ug nalathion/g fish) 

Cadmium 

Cadmium is a naturally occurring heavy metal. The toxicity 
associated with the ingestion of cadmium is kLdney damage. 
Cadmium accumulates in the kidney and causes renal damage when 
the concentration of cadmium an the kidney exceeds 200 ug/g. 
Cadmium accumulates in aquatic and terrestrial organisms. 
Typical concentrations of cadmium in fish from non-polluted areas 
xang8 from 0.001 t o  0.1 ug/gram. The concentration o f  cadmium in 

2 



rainbow trout from Standley Lake is 0 . 4 8  ug/grarn. The RfD for 
cadmium from food is 1 ug/kg/day. The exposure to cadmium from a 
weekly meal of rainbow trout is 0.12 ug/kg/day. 

( 1 2 0  g fish/meal x 1 meal/week x 1 weekl7 days x 1/70 kg x 
0.48 ug cadmrum/g fish) 

Mercury is a naturally occurring heavy metal whach 
bioaccumulates in fish as methyl mercury. The major exposure o f  
people to methyl mercury is from fish. The toxicity associated 
vith the ingestion of methyl mercury is damage to the nervous 
system. The average concentration of methyl mercury in most fish 
is less than 0.2 ug/gram. The concentration of mercury In 
smallmouth bass from Standley Lake is 0.21 ug/gram. The R f D  for 
methyl mercury is 0.3 ug/kg/day. The exposure to mercury from a 
weekly meal of smallmouth bass is 0.05 ug/kg/day. 

(120 g fish/meal x 1 meal/week x 1 week/7 days x 1/70 kg x 
0.21 ug mercury/g fish) 

' IP selenium 

Selenium i s  a naturally occurring heavy metal which is an 
essential nutrient, but which is also t o x x  when excessive 
quantities are consumed. The amount necessary t o  maintai:: good 
nutritional status as  50-200 ug/day. The average diet contains 
75-150 uglday. Selenosis is observed when ingestion exceeas 3200 

from Standley Lake i s  0.02 ug/qram. The RfD for IselenLum is 3 
ug/kg/day. 
smallmouth bass i s  0.005 ug/kg/day. 

I ug/day. The concentraticn of selenium in the smallmouth bass 

T h e  exposure t o  selenium from a weekly meal of 

( 1 2 0  g ftsh/meal x 1 meal/week x 1 week/7 days x 1/70 kg x 
0.02 ug selenium/g fish) 

3 
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